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1.0 INTRODUCTION

The Environmental Engineering Division (DTS-33) of the John A. Volpe National
Transportation Systems Center (Volpe Center) is providing environmental engineering and
contaminant removal support for the Libby Asbestos Project to Region 8 of the U.S.
Environmental Protection Agency (EPA). The Volpe Center and their contractor, CDM Federal
Programs Corporation (CDM Federal) and its subcontractor, Pacific Environmental Services,
Inc. (PES), along with the Volpe Center’s removal/demolition contractor, MARCOR
Remediation, Inc. (MARCOR), have been requested by EPA to provide the necessary technical
support, equipment, and other services to implement and complete a time-critical removal action
at Operable Unit 02, the Screening Plant Area formerly operated by W.R. Grace Company near
Libby, Montana. The Volpe Center is functioning as coordinator of this effort, consolidating
information provided by CDM Federal, PES, and MARCOR.

This document serves as the Sampling and Analysis Plan (SAP) for confirmation sampling of
soil, and perimeter and personal air for asbestos for the Operable Unit 02 removal action. This
SAP defines sampling and analytical procedures to be used for conducting the soil and air
sampling at this site.

1.1 _SITE BACKGROUND

The town of Libby is located in the extreme northwest corner of Montana. According to
historical mining records, up to 80 percent of the world’s vermiculite has come from the W.R.
Grace Vermiculite Mine located on Zonolite Mountain located approximately seven miles
northeast of Libby. Vermiculite is a mineral that is used in various building materials and
textiles. Disseminated within the enormous deposit of vermiculite on Zonolite Mountain is the
mineral tremolite, a rare and exceedingly toxic form of asbestos. Over the roughly 60-year life
of the mine, tremolite asbestos was released into the environment and potentially in the town of
Libby as a by-product of the mining and ore-processing activities. The Zonolite Mine began
operation in 1924 by owner Edward Alley. In 1925, Great Northern Railroad shipped the first
boxcar of “Zonolite” from Libby to an Ohio company that used it to insulate bank vaults, office
safes, and filing cabinets. Other firms used the material to make building boards and roofing

materials.

Processing the material was straightforward. The vermiculite ore was stripped from the mine
and hauled in trucks to a mill, where it was separated into various commercial sizes through a
screening system. Some of the ore was shipped untouched. Other material was sent to an
expansion plant where it was run through ovens at about 2,000 degrees, causing it to expand to
15 times its original size. In 1939, Zonolite merged with another company mining at the bottom
of the hill that eventually became known as the Zonolite Company. In 1963, the company was
sold to W.R. Grace Company who expanded the operation and increased production. Through
the ‘60s, ‘70s, and ‘80s, millions of tons of vermiculite ore was shipped by rail to W.R. Grace
plants and other companies in 30 states and six foreign countries. At one time, 80 percent of the
world’s vermiculite came from Libby, Montana. Piles of vermiculite waste materials remain
near the mine and processing facilities in and around Libby, Montana. Vermiculite materials
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were also used by local citizens as fill, covers on ball parks, gardens, and home insulation. This
toxic asbestos has been known to have detrimental affects on former workers at the various
facilities and may potentially be affecting the health of Libby residents. Due to this potential
threat to human health, the EPA requested emergency environmental response support from the
Volpe Center.

Asbestos fibers are odorless and tasteless, and differ in length and structure and chemical
composition. Fibers are microscopic and nearly indestructible. They do not evaporate, burn or
dry out from heat, or erode in water. Toxicity of different types of asbestos varies, but exposure
to any one of them can be fatal. Tremolite, the form found at Libby, is considered by many to be
the most toxic.

The human health risks associated with asbestos fibers released in the environment are:

» Malignant mesothelioma, a cancer of the pleural or peritoneal cavity. In early stages of the
disease, cancer is found in the lining of the chest cavity near the lung and heart or in the
diaphragm. Mesothelioma may spread to tissue surrounding the lungs or other organs.
Virtually all mesothelioma cases are attributable to asbestos exposure.

m Asbestosis, the scarring of the tissue of the lung itself from inhalation of fibers. It ranges in
severity from mild impairment, to disabling and eventually fatal.

Asbestos and smoking both cause lung cancer, but a history of smoking combined with
occupational exposure to asbestos creates a much higher risk of developing the disease.

1.2 PROJECT OBJECTIVES

The primary objectives of the Operable Unit 02 removal action are to:

1) Demolish structures contaminated by asbestos and remove, to the extent possible,
all contaminated debris, piles of vermiculite, and soils from the site;

2) Monitor personnel and ensure that airborne asbestos fibers are being properly
contained within the removal action area; and

3) Leave the site in suitable condition for reuse with no land use restrictions.

Prior to this removal action, all previous sample collection was performed under the Sampling
and Quality Assurance Project Plan, Revision 1 for Libby, Montana, Environmental Monitoring
For Asbestos, Baseline Monitoring for Source Area and Residential Exposure (EPA 2000).
Among objectives of this initial investigation were to rapidly collect pilot-scale information on
airborne asbestos levels and data on potential source materials in and around the Libby area.
While certain features of this plan remain applicable to the Screening Plant removal action,
differing project objectives, more site-specific information, and additional sampling procedures
required the development of a new SAP for this effort. The primary objectives of this removal
action SAP are to:
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1) Confirm that asbestos-contaminated piles and soils have been successfully
excavated from Operable Unit 02;

2) Monitor the perimeter boundaries of the site to determine the concentration of
asbestos fibers in air during this removal action; and

3) Monitor MARCOR and other personnel, as necessary, to determine exposure to
' asbestos fibers in air.

1.3 PROJECT ORGANIZATION AND RESPONSIBILITIES

Organization and responsibilities specific to this investigation are listed in this section. For this
data collection effort, key management personnel are as follows:

Individual

Paul Peronard
Chris Weis

Jude Hobza
John McGuiggin
Owen Clark
Tim Wall

Bob Alexander
Mike Hutchinson
Brian Stewart
Greg Parana
George DeLullo
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Role/Responsibility

EPA On-Scene Coordinator

EPA Regional Toxicologist/Scientific Support Coordinator
USACOE On-Site Construction Representative for EPA
Volpe Center Project Manager

MARCOR Project Manager .

CDM Federal Task Order Manager

CDM Federal Field Team Leader (soil and air)

CDM Inc. Field Team Member (soil)

PES Field Team Leader (air)

PES Field Team Member (air)

CDM Federal Quality Assurance Coordinator
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2.0 SITE BACKGROUND

It is estimated that tons of asbestos were released into the air during more than six decades of
vermiculite mining at the Zonolite Mountain mine, three miles east of Libby, Montana. The
W.R. Grace Company, which owned the mine for 30 years, closed it in 1990 and sold its
properties four years later.

The former Screening Plant Area, designated by EPA as Operable Unit 02, was utilized by W.R.
‘Grace Company to sort mined vermiculite by grade. The Screening Plant Area, also referred to
as the “Railroad Loading Station” or “Raintree Nursery” in previous investigations, is
approximately 21 acres (according to county records) in size. Located in the northeast side of the
Kootenai River, the site is approximately 4.5 miles northeast of Libby. Vermiculite was
transported to the Screening Plant by truck from the mine, located several miles up nearby Rainy
Creek Road, and sorted and stored in two sheds at the facility. The vermiculite was then loaded
onto a conveyor system and transported across the Kootenai River to the southeast bank for
loading onto railroad cars for transportation and distribution to various expansion plants,
including the Export Plant in Libby (designated by EPA as Operable Unit 01). The site was most
recently operated as a plant nursery, selling nursery-related products and storage for nursery and
related supplies, as well as providing leased storage space for recreational vehicles, boats,
automobiles, and other items.

Existing structures at the site consist of an office/dwelling and attached solarium, five or six
commercial green houses, a shade house, a large shed fod for ore processing, a smaller
open-front shed, several auxiliary buildings, and a mobile hionfe. Additional improvements
include an above-ground fuel storage tank, an above-ground water storage tank, a large area of
asphalt and concrete paving, numerous ornamental plantings, and other landscaping
improvements. Piles of waste vermiculite ore containing asbestos remain at the site. Site

structures are also contaminated with asbestos as a result of processing activities at the site.

2.1  ENVIRONMENTAL SETTING

Mean annual precipitation in Libby is 19.4 inches, with 37 percent of it occurring in the months
of November through January, and 18 percent falling in the months of May and June. The month
having the highest average precipitation is January, with 2.42 inches. Temperature in Libby
ranges from an average of 22.4 degrees Fahrenheit (° F) in January to an average of 67° F in July.
Average annual precipitation at the W.R. Grace mine site is estimated at 30 inches per year
(USDA 1977), and the temperature would be expected to average 3 to 5 degrees cooler than at
Libby. Climatological data was obtained from the Libby 1 N.E. Ranger station.

Soils in the area have been assigned a Hydrologic Soil Classification of “B” by the Soil
Conservation Service. The drainage basin in the vicinity of the mine site is estimated to have
>75% ground cover of mature forest in good condition, with moderate slopes. Antecedent
moisture is considered to be average. A “Curve Number” of 60 is estimated for both the Rainy
Creek and Fleetwood Drainage Basins. |
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The geology of the site consists of the late Precambrian Belt Group consisting of fine-grained
clastic and carbonate rocks which have undergone various degrees of metamorphism, and are
covered with glacial outwash and till. The tailings impoundment is located on an intrusive rock
body called the Rainy Creek stock, of which Vermiculite Mountain and W.R. Grace’s mining
area is a part. Depths to bedrock range from less than 2 feet to about 25 feet on the valley walls
and from 20 to 45 feet on the valley floor.

Vegetation in the region consists of grasses, coniferous shrubs, and a mixture of deciduous

‘(primarily cottonwood, alder, and aspen) and evergreen trees (cedar, larch, Douglas fir,

ponderosa and lodgepole pine, and spruce). Active logging is taking place within the drainage
basin of the mine site, both on the mine property and on adjacent Forest Service land.

2.2 PREVIOUS INVESTIGATIONS

As part of initial emergency response action activities conducted in December 1999, 85 soil
samples were collected from 71 stations from the primary Screening Plant area and the horse
pasture area south of Rainy Creek. Most of the soil samples were surface grab samples collected
from a depth of 0 to 2 inches, with co-located subsurface soil samples from a depth of 2 to 12
inches collected for about 20 percent of the surface samples. Depending on the size of the waste
pile, composite waste pile samples were collected at varying depths, from a few inches up to 2
feet in depth. Results ranged from non-detect to approximately 4 percent tremolite asbestos.

Additional soil sampling was conducted in the Screening Plant area in March 2000 and April
2000. In March 2000, 17 soil samples were collected from a wooded area north of the green
houses and 44 samples were collected from an area referred to as “Government Lot 4” south of
the horse pasture. In April 2000, samples were collected from a triangular shaped area
located between the horse pasture and Highway 37. Results ranged from non-detect to
approximately 8 percent tremolite asbestos.

Air sampling technicians, under contract with the EPA’s Emergency Response Team , performed
limited air sampling at the former Screening Plant. This ambient air sampling was conducted
over a two-day period in December of 1999. Ambient air samples were collected within several
of the buildings, including the tunnels, at the former screening facility. In addition to the indoor
sampling, ambient air samples were also collected at several locations on the former Screening
Plant over the past several months.

\WPrint_server\public\Terry\ScrPItSAP.rv0.doc 2-2



3.0 DATA QUALITY OBJECTIVES

To ensure that data of sufficient quality and quantity are collected to meet project objectives, the
data quality objective (DQO) process (EPA 1993) was utilized to develop DQOs for the soil and
air sampling tasks. The DQO process is a series of steps based on the scientific method that are
designed to ensure that the type, quantity, and quality of environmental data used in decision
making are appropriate for the intended purpose. The DQO Process consists of the following
seven steps: -

Step 1: State the Problem;

Step 2: Identify the Decision;

Step 3: Identify Inputs to the Decision;

Step 4: Define the Study Boundaries;

Step 5: Develop a Decision Rule;

Step 6: Specify Limits on Decision Errors; and
Step 7: Optimize the Design for Obtaining Data.

During the first six steps of the process, the planning team develops decision performance
criteria (i.e., DQOs) that will be used to develop the data collection design. The final step of the
process involves developing data collection design based on DQOs.

3.1 SOIL

3.1.1 Problem Statement

Soil sampling efforts condu in late 1999 and early 2000 found asbestos-contaminated soils at
Operable Unit 02 as a yesult of vermiculjte ore processing activities. This sampling plan has
been developed at-the to determine if excavation activities have
successfully removed cont ed soil materials from Operable Unit 02. Additionally, pre-
excavation sampling may occur to better define the limit and extent of soil and waste removal.

3.1.2 Identify the Decision
Soil data collected during this removal action will be utilized for the following purposes:

9] Confirm that excavation activities have successfully removed asbestos-
contaminated soil and waste materials from Operable Unit 02; and

2) Determine the limit and extent of soil and waste materials to be removed, as
necessary, either prior to or after excavation has taken place.

' Specifically, the data will be used to answer the following questions:
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1) Have asbestos-containing waste materials and contaminated soils containing
greater than 1 percent asbestos been successfully removed within a specified area
(typically, a 100 foot by 100 foot grid)?

2) If the specified area (typically, a 100 foot by 100 foot grid) where removal has
occurred still contains asbestos-containing waste materials and contaminated soils
containing greater than 1 percent asbestos, what is the limit and extent of
excavation needed to reduce asbestos concentrations to less than 1 percent?

3) Is any additional sampling necessary to define the limit and extent of excavation
required for this removal action?

3.1.3 Inputs to the Decision

The purpose of this step is to identify the information that needs to be obtained and the
measurements that need to be taken to resolve the decision statements. According to the
National Emission Standards for Hazardous Air Pollutants (NESHAP) regulations (EPA 1990), a
friable asbestos-containing material is defined as “any material containing more than 1 percent
asbestos as determined using Polarized Light Microscopy (PLM), that, when dry, can be
crumbled, pulverized or reduced to powder by hand pressure.” Accordingly, EPA has selected 1
percent asbestos as the action level for soil and waste materials for this removal action.

In order to properly manage and document the success of removal activities, the site will be
overlayed with a grid of squares 100 feet by 100 feet. Each grid square will be identified with a
- unique code (e.g., A3, B6, M7, etc.) and, after initial excavation, composite sampling (usually
five subsamples) will be employed to determine the asbestos concentration within each grid
square. Grab or composite sampling may also be employed to define the limit and extent of soil
material containing greater than 1 percent asbestos prior to excavation or within a grid square
after initial excavation has been completed.

All soil samples will be analyzed using National Institute of Occupational Safety and Health
(NIOSH) Method 9002 (see Appendix C) for Asbestos (bulk) by PLM. This method is useful for
the qualitative identification of asbestos and the semi-quantitative determination of asbestos
content of bulk samples. The method measures percent asbestos as perceived by the analyst in
comparison to standard area projections, photos, and drawings, or trained experience.

3.1.4 Boundaries of the Removal Action

This step defines the spatial and temporal bounds of the removal action. The horizontal
boundaries of the removal action are the Kootenai River to the north and west of the site,
Highway 37 to the east, and the southernmost property line of the area referred to as
“Government Lot 4. The vertical spatial boundary is from the ground surface to the base
contaminated soil or asbestos-containing waste materials. At present, the extent of
contamination below ground surface is not known. The removal action focuses on currently
known conditions at the site, but historical information may be used to support removal
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decisions. Therefore, temporal boundaries include the time frame from when the mine was first
discovered in the 1880’s, and the beginning of vermiculite mining operations in the 1920’s, to
the time of this removal action in 2000. The decision makers need to know the soil and waste
asbestos concentrations to make decisions during this removal. Constraints that could potentially
interfere with data collection are denied or ungranted access, physically inaccessible sampling
locations, or concerns regarding health and safety.

3.1.5 Decision Rule

The purpose of this step is to define the parameter of interest, specify the action level, and
integrate previous DQO outputs into a single statement that describes a logical basis for choosing
among removal actions. The parameter of interest is the concentration of asbestos in soil and
waste materials. While the primary form of asbestos expected to be encountered is tremolite, the
combined concentration of all forms of asbestos will be used for decision making. As discussed
previously, the action level is 1 percent asbestos.

3.1.6 Specify Tolerable Limits on Decision Errors

The purpose of this step is to specify the null hypothesis and the decision maker’s acceptable
limits on decision errors. The null hypothesis for this removal action is that the true
concentration of asbestos in soil and waste materials is less than 1 percent. Therefore, the
alternative hypothesis is that the true asbestos concentration in soil and waste materials is greater

than 1 percent.

Decision makers are interested in knowing the true value of the asbestos concentration. Since the
PLM method can only estimate the concentration semi-quantitatively, decisions that are based on
these data could be in error. There are several reasons why the decision maker may not know the

true asbestos concentration:

1) There may be a high degree of variability of asbestos concentration within a
sample. Although a sample may be thoroughly mixed, only a small portion of the
sample is used for the analysis. This could result in either an under- or over-
estimate of the actual asbestos concentration.

2) Other fibers with optical properties similar to asbestos minerals may give positive
interferences. This could result in an over-estimate of the actual asbestos

concentration.

3) The optical properties of asbestos may be obscured by a coating on the fibers.
This could result in an under-estimate of the actual asbestos concentration.

4) Fibers finer than the resolving power of the microscope (about 0.3 microns [tm])

will not be detected. This could result in an under-estimate of the actual asbestos
concentration.
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5) Heat and acid may alter the index of refraction of asbestos and change its color.
This could result in an under-estimate of the actual asbestos concentration.

6) There may be a high degree of variability of asbestos concentration within the soil
and waste materials in-situ. This could result in either an under- or over-estimate
of the actual asbestos concentration.

A false positive or “Type I” decision error refers to the type of error made when the null
hypothesis is rejected when it is true and a false negative or “Type II” decision error refers to the
type of error made when the null hypothesis is accepted when it is false. For this removal action,
a Type I decision error would result in deciding that soil or waste materials contained asbestos
above the action level (“dirty”’) when it did not and a Type II decision error would result in
deciding that soil or waste materials did not contain asbestos above the action level (“clean™)
when it did.

The closer the reported concentration is to an action level, the higher the probability that an
incorrect decision will be made and, therefore, a “gray region” is normally established which
surrounds an action level. For example, a typical “gray region” might be identified as “the action
level minus 10%”. However, the PLM method is a semi-quantitative method and lacks the
necessary precision to establish a suitable “gray region”. Therefore, to allow EPA to exercise
professional judgement and limit Type II errors, a tolerable decision limit of £100% of the action
level has been established.

In summary, soil and waste materials will be excavated and removed when the asbestos
concentration is greater than or equal to 1 percent. Since one objective of this removal action is
to leave the site in suitable condition for reuse with no land use restrictions, EPA may elect to
remove soil and waste materials reported to contain less than 1 percent asbestos, based on visual
evidence, historical information, professional judgement, or other criteria. Conversely, EPA may
elect to leave materials in place that contain greater than 1 percent asbestos due to the presence of
physical barriers, to prevent excessive environmental damage, based on professional judgement,
or other criteria.

3.1.7 Optimize the Decision for Obtaining Data

The purpose of this step is to identify the most resource-effective sampling design that generates
data that satisfy the DQOs in the previous steps. The sampling plan described in this SAP are
consistent with the DQOs and project objectives for the removal action. However, if during the
period of sample collection and/or evaluation, it becomes apparent that the quantity and/or
distribution of samples is not sufficient for obtaining the data required to properly characterize
soil and waste materials for this removal action, the number, distribution, or methods may be
modified to reflect the specific needs of the project. Any changes to this SAP will be approved
by EPA and the Volpe Center prior to implementation. In addition, any deviations to this SAP
will be noted in the field logbook and/or subsequent data summary reports.
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32 AIR

3.2.1 Problem Statement

The asbestos removal action being performed at the Screening Plant could potentially produce
airborne asbestos concentrations within, and surrounding, the regulated removal action area.
These airborne asbestos fibers could present a hazard to those workers within the regulated
removal action area and to anyone located in areas surrounding the regulated removal action
area. In addition, the release of airborne asbestos fibers during the removal action could
potentially further contaminate the regulated removal action area itself and any adjacent

properties.

3.2.2 Identify the Decision

Air monitoring data collected during the asbestos removal action will be utilized for the
following purposes:

)

2)

3)

4)

5)

Ambient perimeter air samples will be collected prior to the commencement of the
removal action to determine background atrborne asbestos fiber levels.

Ambient perimeter air samples will be collected during daily work activities to
ensure that airborne asbestos fibers are not being released during the removal
action. '

Air samples will be collected on a daily basis within the decontamination unit
clean room and at the exhaust port of any negative air machines. These ambient
air samples shall be used to document that clean rooms are actually clean and that
the negative air machines are not exhausting asbestos fibers.

At the conclusion of the removal action for the entire project site, final clearance
air samples will be collected at the project site. The final clearance air samples
shall be compared to the background air samples to ensure that airborne asbestos
fiber levels at the completion of the removal action are equal to or lower than the
asbestos fiber levels present prior to initiating the removal action.

Personal air samples will be collected on the removal action contractor’s
(MARCOR) workers to document compliance with the Occupational Safety and
Health Administration’s (OSHA) Asbestos Standard for the Construction Industry
(29 CFR Part 1926.1101).

Specifically, the air monitoring data will be collected to answer the following questions:

1)

Are airborne asbestos fibers being properly contained within the regulated
emergency removal action area?
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2) Are the removal action contractor’s workers being properly protected from
exposure to asbestos fibers in accordance with OSHA Standard 29 CFR Part
1926.11017

3) Has the performance of the emergency removal action reduced ambient airborne
asbestos fiber levels within the regulated emergency removal action area?

"4) What type and size of asbestos fibers, if any, are becoming airborne during the
emergency removal action?

3.2.3 Inputs to the Decision

To ensure that the air monitoring data are adequate to meet all of the requirements of the
decisions listed above, the results of the air sample analysis must include the following
information:

e Concentration of asbestos fibers;

e Type of asbestos ﬁbérs; and

¢ Size of asbestos fibers.
Measurement of Asbestos Concentration in Air

There are a number of techniques for measuring asbestos fibers in air, all of which are based on
visual identification of structures as asbestos fibers. Most historical human health data and many
regulatory limits for asbestos exposure in air are based upon asbestos fiber concentrations
measured using phase contrast microscopy (PCM), including OSHA Standard 29 CFR Part
1926.1101. In this method, fiber material is defined as having a length of >5 um and an aspect
ratio (length to diameter ratio) of three or more. Results are generally reported in fibers per
milliliter of air (f/ml). Turn-around time for results is usually within 24 hours.

More recently, a number of other methods have been developed for quantitative or qualitative

measurement of asbestos fibers in air that utilize Transmission Electron Microscopy (TEM),
these methods include, but are not limited to, the following:

e The Asbestos Hazard Emergency Response Act (AHERA) TEM Method found in 40
CFR Part 763, Asbestos-Containing Materials in Schools.

o International Standards (ISO) Method 10312, Ambient Air-Determination of asbestos
fibres-Direct transfer transmission electron microscopy method.

These methods are generally more sensitive than PCM, and also allow visualization and
quantification of asbestos fibers that are thinner than those visible under PCM analysis.
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The use of a combination of the PCM analysis method and both TEM analysis methods will
provide the data necessary to meet all of the requirements of the decisions listed above. TEM
analysis is more expensive and the analysis takes a longer time to complete than PCM analysis.
Therefore, TEM analyses will be used to confirm certain PCM results (usually the worst case
samples) and/or when exact mineralogical identification of the asbestos fibers in a sample is

desired.
Regulatory Limits

In order to make the decisions required under this section, a number of factors must be
considered, including regulatory limits for asbestos in air, background concentrations of asbestos
in air collected prior to the emergency removal action, and types of asbestos associated with the
known contaminated materials within the regulated emergency removal action area. Table 1,
Summary of Available PCM- and TEM-Based Exposure Levels for Asbestos, identifies several
current asbestos in air exposure levels that may apply to this removal action.

The EPA will determine the most applicable exposure levels, and use these in conjunction with
the results of the background perimeter air sampling results, and any other applicable exposure
data to define decision exposure limits. However, a default limit of 0.1 fibers per cubic
centimeter (f/cc) is assumed for all ambient and personal air monitoring during work activities
for this removal action. At a minimum, all personal air monitoring conducted on workers
participating in the emergency removal action must meet the requirements of OSHA Standard 29
CFR Part 1926.1101.

3.2.4 Boundaries of the Study

Spatial Boundaries

The horizontal boundaries to be monitored in this project include the entire regulated emergency
response action area. This includes the 16 acre Former Screening Facility (regulated area), the
perimeter of the regulated area, any decontamination units on and off the site, and all associated
equipment and personnel trailers located adjacent to the regulated area. The horizontal
boundaries to be monitored also include individuals working within and in the vicinity of the
regulated area. The vertical boundary of interest is the ground surface up to approximately 6
feet, which was determined to include the standard human breathing zone.

Temporal Boundaries

There are several factors that can have an affect on airborne asbestos fiber concentrations.
Concentrations of airborne asbestos fibers may vary within and around the regulated area
depending on tasks performed, amount of demolition activity, weather, wind direction and
velocity, etc. Therefore, both personal and ambient air monitoring will be performed over the
duration of the project. In addition, short term exposure limit (STEL) air samples will be
collected on removal action contractor employees each time a new task is initiated. This
sampling will be performed in accordance with OSHA Standard 29 CFR Part 1926.1101.
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3.2.5 Decision Process
Ambient Air Monitoring

As stated earlier, the EPA will be required to determine the most applicable exposure levels for
the ambient air monitoring, and use these in conjunction with the results of the background
perimeter air sampling results, and any other applicable exposure data to define decision
exposure limits. If the agreed-upon exposure limits are not exceeded during the course of the
removal action, work can proceed as planned. If the exposure limits are exceeded during the
removal action, work will be stopped and dust suppression methods, such as the amount of water
used by the removal action contractor, should be reevaluated. Work can continue once the
airborne asbestos fiber concentrations have been lowered below the exposure limits agreed upon
prior to the project. As a default value, a 0.1 f/cc exposure limit for perimeter sampling during
removal activities and for clearance sampling at the end of the project is assumed.

Personal Air Monitoring

The EPA may also be required to determine the most applicable exposure levels for the personal
air monitoring during the course of the removal action. At a minimum, all personal air
monitoring conducted on workers participating in the emergency removal action must meet the
requirements of OSHA Standard 29 CFR Part 1926.1101. Unless notified otherwise, a default
exposure limit of 0.1 f/cc is assumed. If these personal exposure limits are not exceeded during
the course of the removal action, work can proceed as planned. If these exposure limits are
exceeded during the removal action, work should be stopped and dust suppression methods, such
as the amount of water used by the removal action contractor, and/or respiratory protection
requirements should be reevaluated. Work can continue once the airborne asbestos fiber
concentrations have been lowered below acceptable exposure limits. Work can also continue if
the removal action contractor institutes revised respiratory protection requirements that ensure
the workers are not exposed to the airborne asbestos fiber concentrations. However, a change in
respiratory protection should be a last resort. Lowering the airborne fiber concentrations within
the regulated area through engineering controls should always be the first option.

3.2.6 Specify Tolerable Limits on Decision Errors

Due to the size of the regulated emergency removal action area, the “worst case” ambient air
sample and the “worst case” personal air sample will be used to make risk management decisions
during the removal action. Each day the ambient air sample and the personal air sample with the
highest concentration of asbestos fibers will be used to determine the airborne fiber levels of the
entire regulated area. For this removal action, the null hypothesis is that the true concentration of
asbestos fibers in air is below the exposure limit. The alternative hypothesis is that the true
concentration of asbestos fibers in air is above the exposure limit.

As discussed earlier in the DQOs for soils, false positive or “Type I”” decision error refers to the
type of error made when the null hypothesis is rejected when it is true and a false negative or
“Type II” decision error refers to the type of error made when the null hypothesis is accepted
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when it is false. For this removal action, a Type I decision error would result in deciding that an
air sample result was above the exposure limit (“dirty”) when it was not and a Type II decision
error would result in deciding that an air sample result was not above the exposure (“clean”)
when it actually was.

The closer the reported concentration is to a action level, the higher the probability that an
incorrect decision will be made and, therefore, a “gray region” is normally established which
surrounds an action level. Air monitoring for this removal action is primarily being performed to
‘determine if excessive levels of asbestos fibers migrating off-site and for health and safety
purposes. Since soil and waste material removal actions will not be determined based on the
results of air sampling, a “gray region” was not established. However, because human health and
safety are involved, a tolerable decision limit of +50% is prudent. This decision limit would
allow, for example, the implementation of additional control measures (e.g., additional dust
suppression measures) before exposure limits are exceeded, based on professional judgement, at
one half of the exposure limit.

3.2.7 Optimize the Decision for Obtaining Data

Both ambient air monitoring and personal air monitoring will be conducted daily during the
emergency action. Risk management decisions will be reevaluated daily by the EPA. Ifit
becomes apparent over the course of the removal action that the quantity or distribution of the air
samples may not be sufficient for obtaining the data required to characterize the airborne
asbestos fiber concentrations within, and adjacent to, the regulated removal action area, the
number and location of air samples may be modified to meet the needs of the project. The
decision to modify the sampling strategy will be determined by the EPA.
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4.0 SAMPLING METHODS AND PROCEDURES

CDM Federal was tasked by the Volpe Center to provide confirmation sampling of soil, and
perimeter and personal air for asbestos for the Operable Unit 02 removal action. This section
describes the procedures that will be followed for sample collection, handling, analysis, and
documentation. Sample management diagrams for soil and air samples are shown on Figures 2
and 3, respectively.

4.1 SOIL
4.1.1 Selecting Soil Sampling Locations

Confirmation sampling will be conducted within excavation grids 100 feet x 100 feet in size to
determine if contaminated soil materials have been successfully excavated from each grid.
Excavation grids have been designated on the construction drawings. Each grid square will be
identified with a unique code (e.g., A3, B6, M7, etc.). Samples from each grid will consist of
five subsamples to form a composite sample. Typically, one subsample will be collected from
the center of the grid with the remaining four subsamples collected approximately 25 feet from
the center subsample in a cross-shaped pattern. The directional orientation of the cross will be
randomized using a game spinner, a table of random compass bearings, or other appropriate
method. Adjustments to this pattern may be made based on field conditions (e.g., to account for
the presence of trees or other obstructions, the presence of building foundations, concrete pads,
surface water features, or unexcavated areas). Approximate subsample locations shall be
recorded on the field sample data sheets. Examples of the field sheets are provided in
Appendix A.

Other soil samples may be collected to further define the limit and extent of contaminated soil
material prior to the removal action or within a grid square after initial excavation has been
completed. These may be grab or composite samples, depending on the type of information
required. The type and location of these samples will be documented on the field log sheets.

4.1.2 Sample Identification

Each soil sample will be identified with two unique codes. The first code is an index
identification code taken from a list of unique codes prepared by ISSI Consulting Group, Inc.
(ISSI), a contractor to EPA. This coding system is designed to prevent accidental duplication of
sample identification numbers and ensures that all samples have a unique identification number
assigned to them. During previous sampling events, these codes started from 1-00001 and the
last five numbers were sequentially numbered so that thousands of unique codes would be
available, if necessary. To ensure that the laboratory is “blind” and does not receive certain
specific information about a sample, only the index identification code, along with sample date
and time, will be used to label sample containers.

The second sample code is a field identification code used by CDM Federal to give each soil
sample a unique identity that will allow for the tracking and retrieval of information concerning
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each sample. The structure of the coding system will be similar to the coding system used in
previous sampling events. Each surface soil sample will be identified, at a minimum, by a site
identifier, a location identifier, a media identifier, a station identifier, and the depth interval of
the sample collected. For example, LIB-FSPA-S0-001-0-2 would indicate that a sample was
collected by CDM Federal as part of the Libby asbestos investigation (LIB-), that it was collected
from the Former Screening Plant Area (FSPA-), that is was a soil sample (SO-), that it was from
sampling station 001 (001-), and that it was collected from the 0- to 2-inch depth interval (0-2).
Modifications to this basic coding system may be necessary to identify the grid location or
number, whether it was a grab or composite sample, sample date, a duplicate sample, etc. The
actual coding system used will be clearly described in the field logbook.

4.1.3 Collecting Soil Samples
All soil samples will be collected in accordance with CDM Federal Standard Operating
Procedure (SOP) 1-3, Surface Soil Sampling, with modifications (Appendix B). The following

modifications to SOP 1-3 have been reviewed and approved:

Section 2.2, Discussion - Unless otherwise directed by EPA or the Volpe Center, sample depth
will be 0 to 2 inches.

Section 4.0, Required Equipment - Neither ice bags nor blue ice will be used. However, the
samples will be kept as cool as possible at all times. Powder-free nitrile gloves will be used for
sample collection. No pans, trays, or bowls will be necessary, since samples will be placed
directly into zip-top bags. Since the sampling is for asbestos, rather than metals or organics, the
use of stainless steel or Teflon-lined sampling instruments is not necessary.

Section 5.2.3, Method for Collecting Samples for Nonvolatile Organic or Inorganic Compound
Analysis - Zip-top bags will be used as the sample containers. Sampling information will be

written directly on the bags using a permanent marker. Sampling instruments will not
necessarily be constructed of stainless steel or be Teflon lined. Trays and bowls will not be used,
as samples will be placed directly into zip-top bags. Homogenization will be performed by
manipulating the sampled materials inside the zip-top bag. All samples will be double bagged.

Initial sample homogenization will be accomplished in the field by gently kneading the contents
of the sealed bag to break up any remaining soil clumps, then mixing by turning the bag slowly
end-over-end a minimum of ten times. All other sample preparation, such as sample drying,
shall be completed by the EMSL on-site or off-site laboratory.

4.1.4 Sample Documentation
Sampling activities during this removal action will be documented in a field logbook (and on
field sample data sheets, see Appendix A) to be maintained by the field team in accordance with

CDM Federal SOP 4-1, Field Logbook Content and Control (Appendix B). The Field Team
Leader (FTL) is responsible for maintenance and document control of the field logbook. In
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addition, all sample locations will be surveyed using standard surveying equipment and/or a
Global Positioning System (GPS) unit.

4.1.5 Sample Custody, Packaging, and Shipping

Sample custody includes the classifying, identifying, labeling, packaging, and transporting of
samples collected during this investigation. Procedures for handling samples collected during
this investigation will follow CDM Federal SOPs 1-2, 2-5, and 4-5 (Appendix B) as described

“below.

Sample classification is necessary to ensure the protection of personnel involved in the shipment
of samples, and to maintain the integrity of each sample. Samples obtained at uncontrolled
hazardous waste sites are classified as either environmental or hazardous samples. All samples
collected during this investigation will be classified as environmental.

To maintain a record of sample collection, transfer between personnel, shipment, and receipt by
the off-site laboratory, chain-of-custody (COC) records will be used. The COC record is
employed as physical evidence of sample custody and control, and provides the means to
identify, track, and monitor each individual sample from the point of collection through disposal.

COC procedures will follow the requirements set forth in CDM Federal SOP 1-2, Sample
Custody, with modifications (Appendix B). The following modifications to SOP 1-2 have been
reviewed and approved:

Section 5.1, Chain-of-Custody Record - Electronic chain-of-custody forms will be generated
using Microsoft Access in the Libby database system developed by ISSI for EPA or as specified
by the Volpe Center.

Section 5.2, Sample Labels and Tags - Samples will be identified by writing sample information
directly on the one-gallon zip-top bags using permanent markers. All samples will be double-
bagged.

Samples collected during this investigation that require analysis at on- or off-site laboratories
will be packaged and shipped in accordance with CDM Federal SOP 2-5, Packaging and
Shipping of Environmental Samples, with modification (Appendix B). The following
modifications to SOP 2-5 have been reviewed and approved:

Section 4.0, Required Equipment - No vermiculite or other absorbent material, bubble wrap, or
ice will be used.

Section 5.0, Procedures - No vermiculite or other absorbent material will be used to pack the
samples. No ice will be used. Maintenance of temperatures less than or equal to 4 derees
Celsius was determined by EPA not to be critical, however, the samples will be kept as cool as
possible during all phases of work. '
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4.1.6 Quality Control Samples

Quality control (QC) data are necessary to determine precision and accuracy of sample collection
techniques and to help determine any variability that exists within a sample. For this
investigation, soil QC samples will consist of duplicates collected from the sample bag after
thorough homogenization. Soil QC samples will be analyzed at a rate of one per ten samples
(i.e., 10 percent) or at the rate specified by the Volpe Center.

4.1.7 Equipment Decontamination

Equipment used to collect, handle, or measure soil samples will be decontaminated in accordance
with CDM Federal SOP 4-5, Field Equipment Decontamination at Nonradicactive Sites, with
modification (Appendix B). The following modifications to SOP 4-5 have been reviewed and
approved:

Section 5.0, Procedures - Decontamination water will not be captured. No solvents will be used
for decontamination.

Section 5.3, Sampling Equipment Decontamination - ASTM Type II deionized (DI) water will
not be used. Rather, locally available DI water will be used. Nitric acid will not be used.

Decontamination water will be disposed of on-site.

Section 5.6, Waste Disposal - Decontamination water will be disposed of on-site and will not be
packaged, labeled, or stored as investigation-derived waste.

The decontamination procedure for non-disposable equipment will consist of a tap water and
alconox wash with brush scrubbing, followed by a tap water rinse, and final DI water rinse. The
equipment will then be allowed to air-dry before being wrapped in clean plastic or aluminum
foil. All equipment will be decontaminated before coming into contact with any sample. Rinse
water will be discharged to the ground at the site. Any deviations from the decontamination
procedures will be recorded in the appropriate field logbook.

42 AIR
4.2.1 Selecting Sample Locations
Ambient Air-monitoring

Background ambient air samples, ambient air samples collected during the removal action, and
final clearance ambient air samples, will be collected at six fixed perimeter monitoring sites.
These six sites surround the regulated emergency removal action area. Two sites are located on
the northern perimeter of the site, two sites along the southern perimeter, one on the east
perimeter, and one on the west perimeter. The locations of these sites were selected to ensure
that airborne asbestos fiber concentrations migrating from the regulated removal action could be
determined independent of wind direction or work location.
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In addition to the perimeter air samples, additional ambient air samples will be collected
depending on the day’s work activities. These samples will be collected at locations such as the
decontamination chambers, negative air machines, contractor trailers, etc. The number and
location of these additional ambient air samples will be determined by the air-monitoring
consulting firm along with the EPA and the Volpe Center.

Personal Air Monitoring

Personal air samples on the removal action contractor’s (MARCOR) workers will be conducted
to document compliance with 29 CFR Part 1926.1101. All personal air samples shall be
collected and analyzed by EMSL Analytical Inc. (EMSL), in accordance with 29 CFR
1926.1101.

4.2.2 Sample Identification

The air-monitoring consulting firm will use the sampling numbering scheme that was designed
for the removal action by ISSI, a subcontractor to the EPA. This scheme consists of the
precursor “1R” followed by a dash, and then by a six digit sampling number (1R-000001, 1R-
000002, etc.). The sampling numbers are issued and signed out in accordance with ISSI’s
sample numbering protocols. Sample details will be noted on the air sampling log sheets.

4.2.3 Collecting Samples

Air samples will be collected by drawing air through a cellulose acetate filter (0.45 pm pore size)
at a specified flow rate for a specified period of time. The details of the method are provided in
EPA SOP 2015. During normal working activities both ambient and personal air samples will be
collected at a flow rate of 2.5 liters per minute (/min) over an 8-hour sampling period. This will
result in a total sampling volume of 1200 liters.

Depending on the sampling conditions, work activities, the level of asbestos in the air, and the
level of interfering particles in the air, the flow rate and or total sampling time may require
modifications. The decision to modify the flow rate or total sampling time will be made by the
FTL, in conjunction with the EPA On-Scene Coordinator.

4.2.4 Sample Custody, Documentation, Packaging, and Shipping

Documentation of sample collection, handling, and shipment will include completion COC
forms in the field, field forms, and entry of data into a field loghbook. Each sample will be
properly labeled with a unique sample identifier. A COC form shall accompany every shipment
of samples to the analytical laboratory. The purpose of the COC form is to establish the
documentation necessary to trace possession from the time of collection to final disposal.
Figure 1, Sample Management Flow Diagram for Air Samples, summarizes the sampling,
handling, and analyses for each sample type.
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The COC will be designed by ISSI. Minimally, the field form will have the following
information:

Project number;

Sampler’s signature;

Sample volume;

Sample identification number; and
Analytical parameters.

The shipping forms or transmittal memo from the EPA will describe:

e Number of samples;
e Sample preservation (if apphcable), and
e Date and time of sample shipments.

The laboratory will enter the following information upon receipt:

e Name of person receiving the sample;
e Date of sample receipt; and
e Sample condition.

All corrections to the COC record will be initialed and dated by the person making the
corrections. Each COC will include signatures of the appropriate individuals indicated on the
form. The originals will accompany the samples to the laboratory, and copies documenting each
custody change will be recorded and kept on file. Copies of all COCs will provided to the Volpe
Center.

Chain-of-custody will be maintained until final disposition of the samples by the laboratory and
acceptance of the analytical results by the EPA. One copy of the COC will be kept by field
personnel.

The microscopist will include the following information on the field form:

Date;

Microscopist’s name;
Sample identification;
Mineral type; and
Structure counts.

All required paperwork, including sample labels, COC forms, custody seals, and shipping forms
will be fully completed in ink (or printed from a computer) prior to shipping of the samples to
the laboratory. Shipping from sample storage to the off-site laboratory will be by overnight
delivery and delivery to the on-site laboratory will be by field personnel.
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Upon receipt, the samples will be given to the laboratory sample custodian. The boxes will be
opened and the contents inspected. Chain-of-custody forms will be reviewed for completeness,
and samples will be logged and assigned a unique laboratory sample number. ‘Any discrepancies
or abnormalities in samples will be noted.

4.2.5 Quality Control Samples

Quality control methods will include both a field and laboratory component. Field personnel will
prepare two types of QC samples: replicates and blanks.

Replicates

For air samples, replicates are defined as separate samples that are collected using separate air
pumps and filters. These air samples are collected side-by-side at a location and are sampled for
the same amount of time. Air pumps are set at the same airflow rates so that adequate and like
air volumes are passed through each filter.

Blanks

Field personnel will prepare blank samples for air By labeling unused filter cassettes and
submitting them for analysis.

The laboratory staff will have the responsibility of processing all samples submitted according to
the specific protocols for sample custody, analysis, reporting, and associated laboratory Quality
Assurance/Quality Control. '

Quality assurance programs for analytical chemistry typically include blanks, blind standards,
and spikes. Performance evaluation using blind standard and spikes are not available for
asbestos analysis. The laboratory quality assurance program will consist of blanks and replicate
analysis. Blank samples will be used to assess contamination in the filter medium. A subset of
TEM grids (10-20%) will be sent either back to the primary laboratory for re-analysis (blind) or
to additional laboratories for replicate analysis, as directed by the Volpe Center. The TEM grids
for replicate analysis will be shipped under COC to appropriate laboratories for analysis.

4.2.6 Equipment Decontamination

This project requires the decontamination of all air sampling equipment (e.g., pumps, cassette
holders, etc.) that is used within the regulated emergency response action area prior to it being
removed from that area. All air sampling pumps, tubing, sampling stands, and rotometers will be
decontaminated at the end of each sampling day. All equipment will be wiped down with DI
water, and dried with clean disposable wipes or rags. These rags will be disposed of as asbestos-
contaminated waste. Once the equipment has been decontaminated, it will be stored outside of

the regulated area during non-sampling hours.

WPrint_server\public\Ferry\ScrPIntSAP.rv0.doc 4-7



43 HEALTH AND SAFETY

All sampling shall be performed in accordance with all applicable EPA, OSHA, corporate, and
site health and safety requirements. More specifically, when working within the regulated
emergency removal action area, CDM Federal and its subcontractors will follow all requirements
of the removal action contractor’s (MARCOR) site specific health and safety plan.
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5.0 LABORATORY ANALYTICAL METHODS

Twenty-four hour laboratory services will be provided in an on-site laboratory, which will
analyze the soil samples, personal air, and certain perimeter air samples. An off-site laboratory
will provide analytical support for a portion of the air samples collected.

The most appropriate analytical methods for each environmental medium depend on the type and
level of asbestos contamination and on the detection levels needed to assess hazard and/or nature
and extent of contamination. Table 2, Summary of Analytical Methods, identifies the analytical
methods which will be utilized during the emergency removal action. Copies of these analytical
methods are provided in Appendix C. The table also shows some of the requirements and
characteristics of each method. All of these analytical methods were determined by the EPA.

The laboratory used for all sample analysis must be accredited under the Laboratory
Accreditation Program as sponsored by the American Industrial Hygiene Association (ATHA).
The laboratory must also actively participate in the NIOSH Proficiency Analytical Testing
Program for Laboratory Quality Control for asbestos. Lastly, the laboratory must be fully
accredited for TEM and PLM analysis under the National Voluntary Laboratory Accreditation
Program as sponsored by the National Institute of Standards and Technology (NIST).
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\\Print_server\public\Terry\ScrPIntSAP.rv0.doc



Collect Personal Air Collect Ambient Air
Monitoring Sample Monitoring Sample
PES PES
Complete Data Entry Complete Data Entry
and Chain-of-Custody and Chain-of-Custody
PES PES
Submit Samples to Submit Worst Case

EMSL’s Mobile Lab for ' Sample to EMSL’s
Analysis by: On-site Laboratory for
NIOSH 7400 (PCM) Analysis by:
and AHERA (TEM) NIOSH 7400 (PCM)
PES and AHERA (TEM)
PES
Submit 10% of Submit Remaining
Samples to EMSL,S Analyze Samples Samples to EMSL,S
Off-Site Lab for L EMSL — Off-Site Lab for Pa——
Analysis by: Analysis by:
ISO Method 10312 ISO Method 10312
EMSL PES

P . Submit Original
Submit Copies of . .
Analysis Resuits to: Analysis Results to:
Greg Parana, PES CDM Federal .
EPA Information Center Program;ns; orporation
501 Mineral Avenue St
Libby, MT 59923
Phone: (406) 293-6194
EMSL

v

Enter Results into
Database

PES

v
@ubmit Copies of \

Sample Results to:

e MARCOR, Project
Manager (24 Hour)

e EPA On-Scene
Coordinator

e CDM Federal
Programs
Corporation, Tim
Wall

s+ Volpe Center, Mark
Raney

K PES J

Figure 3. Sample Management Fiow Diagram for Air Samples
WPrint_server\public\Terry\ScrPIntSAP.rv0.doc




TABLES

\\Print_server\public\Terry\ScrPIntS AP.rv0.doc



Table 1

Summary of Available PCM- and TEM-Based Exposure Levels for Asbestos

Agency Description Required Nominal Value Reference
Analysis
ACGIH TLV-TWA PCM 0.1 f/ec (0.1 fmlb) ACGIH 1998
NIOSH REL 100-minute TWA in a PCM 0.1 f/ec (0.1 f/ml) NIOSH 1999
400-liter sample (all forms)
OSHA PEL (TWA) all forms PCM 0.1 f/ce (0.1 f/ml) OSHA 1998
29 CFR
1919.1001
OSHA PEL (ceiling) 30 minute PCM 1.0 f/ce (0.1 f/ml) OSHA 1998
average (all forms) 29 CFR
1926.1101
EPA Level to determine the TEM 70 structures per square | EPA 1987
(AHERA) completion of a response millimeter (s/mm?®) 40 CFR 763
action in Schools
EPA (IRIS) Inhalation unit risk PCM 0.23 f/ml TRIS 1999
EPA (EMSL) Measure of Work Site PCM Less than or equal to EMSL 1985
Cleanliness 0.01 f/cc (0.1 f/ml)
EPA (OW) MCL (£>10 um in length) PCM 7 million fibers per liter' | EPA 1998
all forms (MFL) (7000 f/m})
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Table 2
Summary of Analytical Methods

Matrix | Analysis Sample Holding Sample Preparation Analytical
Media Method

Air PCM Three-piece, 6 months | Select area of filter for prep. | NIOSH Method
25 mm Cut filter. Place filter on 7400 (see
cassette, mixed slide and insert into ‘hot Appendix C)
cellulose ester block’. Clean filter with
filter, 0.45 acetone vapor. Affix filter
micron pore to slide with triacetone and
size place cover slide. Affix

coverslide with nail polish.
Outline filter piece with
glass marking pen.

Air TEM Three-piece, 6 months | Select area of filter for prep. | EPA AHERA
25 mm Cut filter. Collapse the cut | Method (see
cassette, mixed portion of filter using Appendix C)
cellulose ester dimethylformamide and :
filter, 0.45 acetic acid solution onto
micron pore slide. Plasma etch the filter
size portion. Coat the

microscope slide with
carbon. Wash the slide
using the Jaffe Washer.

Air TEM Three-piece, 6 months | Select area of filter for prep. | ISO 10312 (see
25 mm Cut filter. Collapse the cut | Appendix C)
cassette, mixed portion of filter using
cellulose ester dimethylformamide and
filter, 0.45 acetic acid solution onto
micron pore slide. Plasma etch the filter
size portion. Coat the

microscope slide with
carbon. Wash the slide
using the Jaffe Washer.
Soil PLM None 6 months | Use forceps to sample at NIOSH 9002 (see

several places from the bulk
material. Forcep samples are
immersed in a refractive
index liquid on a
microscope slide, teased
apart, covered with a cover
glass, and observed with the
polarized light microscope.

Appendix C)
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Table 3

Sampling Supply and Equipment Checklist
Libby Asbestos Project

Note: This supply and equipment list should be used in addition to the list found in the specific SOPs.

General

SAP

-SOPs

HSP

pens

permanent markers
field book

pin flags

digital camera
garbage bags

100-foot tape measure
GPS unit

cellular phone

file box

color pencils

express shipping labels
field forms

tool kit

Equipment Decontamination/Personal
Protective Equipment
rubber overboots
tyvek coveralls
liquid soap
disposable gloves
respirators w/ HEPA-type cartridges
duct tape
paper towels
1-gal zip-top bags
respirator cleaning kit
5-gal water-boy
paper towels
safety glasses
eye wash kit
first aid kit
personal decontamination supplies:
one tub soapy water
one tub tap water
garden sprayer
long-handled brush
aluminum foil

\\Print_server\public\Terry\ScrPIntSAP.tv0.doc

Soil Sampling

bulb planting tool, trowel, or other sampling device
ice pick, pulaski, or spud bar (in case of frozen ground)

site map

wood stakes

300-ft measuring tape
flagging

plastic sheeting

Air Sampling

high-volume sample pumps
low-volume sample pumps
tubing

" sample stands

air-flow calibrator
tubing/cassette adaptors
sample labels/tags
shrink-wrap

extension cord

filters (0.45 pm?)

air sampling forms
filter cassettes
step-stool

tyvek

metric ruler

filter paper

81/2 x 11 plastic sheets
masking tape
disposable hand cleaning wipes
tape measure

access agreement

flash light w/batteries
ear plugs

magnifying glass



APPENDIX A

FIELD SAMPLE DATA SHEETS
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Sheet No: S-

LIBBY MONTANA SITE INVESTIGATION
FIELD SAMPLE DATA SHEET FOR

SOIL-LIKE MATERIALS
Address:
Address or Location ID:
GPS (if no address available): Northing Easting
Owner:
Land Use Category; Residential ~School Commercial _Mining  Other (_ )

Site Visit Date: Sampling Team: Sample Time;

Data Item Sample 1 Sample 2 Sample 3

Field ID Number

Index ID

Matrix Type (circle) | Yard Soil Yard Soil Yard Soil
Garden Soil Garden Soil Garden Soil
Driveway Driveway Driveway
Mining Waste Mining Waste Mining Waste

Category (circle) FS ES FS
FD FD FD

Type (circle) Grab Grab Grab
Comp Comp Comp

Top Depth (in.)

Bottom Depth (in.)

Map location(s)
(Indicate on field
sketch—over)

Comments




Sheet No: A-

LIBBY MONTANA SITE INVESTIGATION
FIELD SAMPLE DATA SHEET FOR

AIR
Address or Location ID:
GPS (if no address available): Northing Easting
Owner:

Land Use Category: Residential School Commercial Mining Other ( )

Site Visit Date: Sampling Team:
Data Item Cassette 1 Cassette 2 Cassette 3
Field ID Number
Index ID
Category (circle) FS FS FS
Rep Rep Rep
Blank Blank Blank
Matrix Type (circle) | Indoor Indoor Indoor
Outdoor Outdoor Outdoor

Location Description

Flow Meter Type

Flow Meter ID No.

Pump ID Number

Stop-Date

Stop-Time

Stop-Flow (L/min)

Stop-Counter

Pump fault? No Yes No Yes No Yes

MET Station onsite? No Yes No Yes No Yes

Field Comments




APPENDIX B

STANDARD OPERATING PROCEDURES
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CDM FEDERAL TECHNICAL STANDARD OPERATING PROCEDURES

SOP 1-2 Sample Custody
SOP 1-3 Surface Soil Sampling

SOP 2-5 Packaging and shipping of Environmental Samples

SOP 4-1 Field Logbook Content and Control
SOP 4-5 Field Equipment Decontamination at Nonradioactive Sites
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SAMPLE CUSTODY ' Revision: 0
Date: December 31, 1992

Page 1 of 8

Prepared: &»‘X &yﬂé«v ‘ /%’in& Technical Review%}&_c_zebgé}_b_&ﬁ}

" QA Review: _Jltoa Mol

1.0 OBJECTIVE

Due to the evidentiary nature of samples collected during environmental investigations, possession
must be traceable from the time the samples are collected until their derived data are introduced as
evidence in legal proceedings. To maintain and document sample possession, sample custody
procedures are followed. All paper work associated with the sample custody procedures will be
retained in CDM Federal Programs Corporation (CDM Federal) files unless the client requests that
it be transferred to them for use in legal proceedings or at the completion of the contract.

2.0 BACKGROUND

2.1 Definitions

Sample - A material to be analyzed that is contained in single or multiple containers representing a
unique sample identification number.

Sample Custody - A sample is under custody if:

It is in your possession.

It is in your view, after being in your possession.
It was in your possession and you locked it up.
It is in a designated secure area.

el ol e

Chain-of-Custody Record - Form used to document the transfer of custody of samples from one
individual to another.

Custody Seal - A custody seal is a tape-like seal that is part of the chain-of-custody process and is
used to prevent tampering with samples after they have been packed for shipping.
Sample Tag - Tag generated by EPA’s Contract Laboratory Program (CLP) for designating a CLP

sample number on samples.

CDM FEDERAL PROGRAMS CORPORATION
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3.0 RESPONSIBILITIES

Sampler - The sampler is personally responsible for the care and custody of the samples collected
until they are properly transferred or dispatched.

Site Manager - The site manager is responsible for ensuring that strict chain-of-custody procedures
are maintained during all sampling events.

4.0 REQUIRED EQUIPMENT

*  Chain-of-Custody Records (applicable CLP or CDM Federal forms)
e  Custody Seals
¢  Sample Tags

Note: The CLP sample coordinator will supply the appropriate Chain-of-Custody Records, sample
tags, and CLP sample numbers.

5.0 PROCEDURES
5.1 Chain-of-Custody Record

This procedure establishes a ‘method for maintaining custody of samples through use of a
Chain-of-Custody Record. This procedure will be followed for all samples collected or split samples

accepted.

Field Custody

1. Collect only the number of samples needed to represent the media being sampled. To the extent
possible, determine the quantity and types of samples and sample locations prior to the actual field
work. As few people as possible should handle samples.

2. The field sampler is personally responsible for the care and custody of the samples collected until
they are properly transferred or dispatched.

3. Sample labels shall be completed for each sample, using waterproof ink; sample tags shall also
be completed for CLP work.

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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4. The Site Manager determines whether proper custody procedures were followed during the ﬁeld
work and decides if additional samples are required.

Transfer of Custody and Shipment

1. Samples are accompanied by a Chain-of-Custody Record (see Figure 1; Chain-of-Custody Record).
When transferring the possession of samples, the individuals relinquishing and receiving will sign,
date, and note the time on the record. This record documents sample custody transfer from the
sampler, often through another person, to the analyst in the appropriate laboratory.

* The date/time will be the same for both signatures when custody is transferred directly to
another person. When samples are shipped via common carrier (e.g., Federal Express), the
date/time will not be the same for both signatures. Common carriers are not required to sign

the form.

e In all cases, it must be readily apparent that the person who received custédy is the same
person who relinquished custody to the next custodian.

e If samples are left unattended or a person refuses to sign, this must be documented and
explained on the Chain-of-Custody Record.

2. Samples will be packaged properly for shipment and dispatched to the appropriate laboratory for
analysis, with a separate custody record accompanying each shipment.

3. All shipments will be accompanied by the Chain-of-Custody Record identifying its contents. The
original record will accompany the shipment, and the copies will be retained by the Site Manager
and if applicable, distributed to the appropriate CLP sample coordinators. Freight blHS will also

be retained by the Site Manager as part of the permanent documentation.

Procedure for Completing CDM Federal Chain-of-Custody Record

Note: Refer to EPA Regional guidelines for completing CLP custody records.
1. Record Project Number. v

2. Record Field Team Leader for the project. «

3. Record the name and address of the laboratory to which samples are being shipped.
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A

11.

12.

13.

14.

10.

15.

16.

17

Record the record number and total number of records being shipped for the day. \
Ehter the project name/location or code number. v

Record overnight courier’s airbill number.

Note sample type (matrix) and reference number. Include reference number if requested on the
Chain-of-Custody Record, box 9. ~

Record sample identification number. -~

Enter the reference number from box #7. Record equipment rinseates, trip blanks, or source
blanks on CLP Chain-of-Custody Records as directed by the EPA Region.

Enter date of sample collection. v

Enter time of sample collection in military time. v

Enter an X in approprigte box for sample designation - composite ‘or grab. 7

Samplers must enter tt;éir initials next to the samples they collected.

List parameters for analysis and the number of containers submitted for each analysis.

Enter MS/MSD or MS if sample is for laboratory QC, or other remarks, e.g., sample depth.

Record the type of preservative added by reference number and sample pH. Use the remarks
column if no space is dedicated to preservative.

1l samplers must sign in the space provided.

. The originator checks’ information entered in 1 through 17 and then signs the top left

"Relinquished by" box and enters the current date and time (military).

CDM FEDERAL PROGRAMS CORPORATION Tech Standard Opcrating Pre
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samples to the laboratory; the yellow copy is retained for the project files. Additional copies

19. The laboratory sample custodian receiving the samples checks the sample label information
against the custody record form. He or she also checks sample condition and notes anything
unusual under "Remarks" on the custody record form. The laboratory custodian receiving
custody signs in the adjacent "Received by" box and keeps the pink copy. The white copy 1s

returned to CDM Federal.

5.2 Sample Tags for CLP Projects
Sample tags will be utilized for all samples collected or accepted for CLP projects.

1. All sample tags will be securely attached to the sample bottle. On 80 oz. amber bottles, the tag
string may be looped through the ring style handle and tied. On all other containers, it is
recommended that the string be looped around the neck of the bottle, then twisted and relooped

around the neck until the slack in the string is removed.

2. One tag will be completed for each sample container collected. Each tag will be completed as
follows (see Figure 2: EPA CLP Sample Tag) (check with your EPA Regional guidelines for

variations):

CDM FEDERAL PROGRAMS CORPORATION

Upon completion of the custody record form, the white and pink copies shall be sent with the ,

will be retained for the project file or distributed as required to the appropriate sample
coordinators for CLP work.

Under the "Remarks" heading, enter the CLP Case Number and record the CLP sample
number. .

Record the Project Code assigned by EPA.

Enter the Station Number if applicable.

Record the date to indicate the month, day, and year of sample collection.

Enter the time (military) of sample collection.

Place a check to indicate composite or grab sample.

Record the sample location.

Samplers must sign in the space provided.
Place a check next to "yes" or "no" to indicate if a preservative was added.

Under "analyses", place a check next to the parameters for which the sample is to be
analyzed. If the desired analysis is not listed, write it in the empty slot. Note: Do not write

in the box for "laboratory sample number".
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5.3 Sample Shipping

CDM Federal’s Standard Operating Procedure 2-5: Packaging and Shipping of Environmental
Samples establishes a uniform method for packaging and shipping low level environmental samples.

6.0 RESTRICTIONS/LIMITATIONS

For EPA CLP sampling events, combined chain-of-custody/traffic report forms will be utilized.
Refer to Regional guidelines for completing these forms.

7.0 REFERENCES

U.S. Environmental Protection Agency, A Compendium of Superfund Field Operarzons Methods,
EPA/540/P-87/001, December 1987.

U.S. Environmental Protection Agency, Samplers Guide to the Comtract Laboratory Program,
EPA/540/P-90/006, December 1990.

)

Technical Standard Operating Procedures
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Figure 1
EXAMPLE CDM Federal Chain-of-Custody Record

BN - siomwmnnswnstez0  CHAIN OF CUSTODY

Bosion, MA 02114

CDM FEDERAL PROGRAMS CORPORATION 617-742-2650 RECORD
A sstury of Cang Dresssr 4 Mxitow du.

PROJECT NO. $1 | FELD TEAM LEADER LABORATORY
AND ADODRESS

PROJECT NAMEAOCATION

'wms e — e

1. SURFEACE WATER Ut . of avantrave
2. GROUDWATER . - ovhmvenny
3. LEACKATE
4 MMBATE .
TME REMARKS -
X DATE o @
$14

15

SAMPLERS INTIALS!

-
—
Lt

NOTE: If requested by the client, different Chain-of-Custody records may be used.
Copies of the template for this record may be obtained from the Fairfax Graphics Department.

.

e
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Figure 2
EXAMPLE EPA CLP Sample Tag

N

* GPO:1992.6Q1-217

Preservative:
Yes[O No[OD

Grab

- Designale:

ANALYSES

Comp.

800 Anions
Sokds  (TS6) (TDS) (SS)
CQD, TOC, Nutrients
Phenolics
Mercury
Metais
Cyaniie
Qil and Grease
Organics GC/MS
Priority Pollutarms
Volatile Organics
Pesticides
Mutagenicity
Bacteriology

Samplers (Signatures)

Month/Day/Year

Station No.

Remarks:

Stalion Location

Tag No. Lab Sampie No.

30101

REGION 1

Project Code »

NOTE: If requested by the client, different sample tags may be used.
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1.0 OBJECTIVE

The objective of this standard operating procedure (SOP) is to define the techniques and the
requirements for collecting surface soil samples.

2.0 BACKGROUND

2.1 Definitions

Surface Soil - The soil that exi'éts down from the surface approximately one foot (30 centimeters).
Depending on application, the soil interval to be sampled will vary.

Grab Sample - A discrete portion or aliquot taken from a specific location at a given point in time.

Composite - Two or more subsamples taken from a specific media and site at a specific point in time.
The subsamples are collected and mixed, then a single average sample is taken from the mixture.

Spoon/Scoop - A small stainless steel or Teflon utensil approximately 6 inches in length with a stem-
like handle.

Trowel - A small stainless steel or Teflon shovel approximately 6 to 8 inches in length with a slight
(approximately 140°) curve across. The trowel has a stem-like handle (for hand operation). Samples

are collected with a spooning action.

2.2 Discussion

Surface soil samples are collected to determine the type(s) and level(s) of contamination and are often
important to risk assessment. These samples may be collected as part of an investigative plan, site-
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specific sampling plan, and/or as a screen for "hot spots,” which may require more extensive sampling.
Sediment(s) and sludge(s) that have been exposed by evaporation, stream rerouting, or any other means
_are collected by the same methods as those for surface soil(s). Typically, the top 1 to 2 centimeters (cm)
of material, including vegetation, are carefully removed before collection of the sample.

Surface soil and exposed sediment or sludge are collected using stainless steel and/or Teflon-lined
trowels or scoops.

2.3 Associated Procedures
e CDM Federal SOP 1-2, Sample Custody

s (CDM Federal SOP 2-5, Packaging and Shipping of Environmental Samples
e CDM Federal SOP 4-1, Field Logbook Content and Control

e CDM Federal SOP 4-5, Field Equipment Decontamination at Nonradioactive Sites

3.0 RESPONSIBILITIES

Site Manager - The Site Manager is responsible for ensuring that sampling efforts are conducted in
accordance with this procedure and any other SOPs pertaining to specific media sampling.

Field Team Leader - The Field Team Leader is responsible for ensuring that field personnel collect
surface soil samples in accordance with this and other relevant procedures.

4.0 REQUIRED EQUIPMENT

o Insulated cooler and waterproof sealing tape

¢ Ice bags or "blue ice”

e Latex or appropriate gloves

e  Plastic zip-top bags

e  Personal protective clothing and equipment

e  Stainless steel and/or Teflon-lined spatulas and pans, trays, or bowls

e  Stainless steel and/or Teflon-lined trowels or spoons (or equipment as specified in the site-

specific plans)
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e  Plastic sheeting

Additional equipment are discussed in Section 5.2.2, VOC Field Sampling/Preservation Methods.

5.0 PROCEDURES

5.1 Preparation
The following steps must be followed when preparing for sample collection:

1. Don the appropriate personal protective clothing as dictated by the site-specific health and safety
plan.

2. The collection points shall be stated, located on a site map, and referenced in the field logbook.

(W]

Processes for verifying depth of sampling must be specified in the site-specific plans.

4.  Place clean plastic sheeting on a flat, level surface near the sampling area, if possible, and place
equipment to be used on the plastic; place the insulated cooler(s) on separate plastic sheeting.
Cover all equipment and supplies with clean plastic sheeting when not in use.

5.  Aclean, decontaminated trowel, scoop, or spoon will be used for each sample collected. Other
equipment may be used (e.g., shovels) if constructed of stainless steel.

5.2 Collection
The following general steps must be followed when collecting surface soil samples:

1. Surface soil samples are normally collected from the least-contaminated to the most-
contaminated areas. Stay outside a specific sampling location until all samples are collected at

that location.

Document the sampling events, recording the information in the designated field logbook.
Document any and all deviations from SOPs in the field logbook and include rationale for
changes. See CDM Federal SOP 4-1.

o
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3.  Carefully remove stones, vegetation, snow, etc. from the sampling location surface.

4.  First collect sample portions or aliquots for volatile analyses as well as ény other samples that -
would be degraded by aeration. Follow with collection of samples for other analyses.

6. Decontaminate sampling equipment between locations. See CDM Federal SOP 4-5.

5.2.1 Method for Collecting Samples for Volatile Organic Compound (VOC) Analysis

The requirements for collecting grab samples of surface soil for VOCs or other samples degraded by
aeration are as follows:

1.  VOC samples shall be collected with the least disturbance possible.

2. VOC samples shall be collected as grab samples; however, the method of collection will vary from
site to site, based on data quality objectives and the degree of known or suspected contamination.

L2

Label the sample containers'with the appropriate information. Secure the label, covering it with a
piece of clear tape. :

4.  Use a clean stainless steel or Teflon-lined trowel or spoon (or tube) to collect sufficient material in
one grab, over the required sampling interval, to fill the sample containers.

5.  With the aid of a clean stainless steel spatula, quickly fill the sample containers directly from the
sampling device, removing stones, twigs, grass, etc., from the sample. Fill the containers as full and

compact as possible to minimize headspace.

6. Immediately secure the Teflon-lined caps on the sample container.
2
7.  Wipe the containers clean with a clean Kimwipe or paper towel.
3
8.  Place the containers in individual zip-top plastic bag(s) and seal the bag(s).

9. Packall samples as required. Include properly completed documentation, and affix signed and dated
custody seals to the cooler lid.

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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5.2.2 Field Sampling/Preservation Methods

The following four sections contain SW 846 methods for sampling and field preservation. These methods
include EN CORE™ Sampler Method for low level detection limits, EN CORE™ Sampler Method for
high level/detection limits/screening, Acid preservation, and Methanol preservation. These methods may
be used if required by the EPA Region, client, or governing sample plan. These methods are very detailed
and contain equipment requirements at the beginning of each section.

Note: Some variations from these methods may be required depending on the contracted analytical
laboratory, such as sample volume.

5.22.1 ENCORE™SAMPLER COLLECTION FORLOW LEVEL ANALYSES (=1 UG/KG)

EN CORE™Sampling Equipment Requirements

The following equipment is required for low level analysis:

. Two 5g samplers.

J One 25g sampler or one 5g sampler for screening and or high level analysis. (The sampler
. size used will be dependent on who is doing the sampling and who is doing the laboratory
. analysis).

. One dry weight cup.
o One T-handle.
. Paper toweling.

EN CORE™ Sampling Steps for Low Level Analysis

1. Remove sampler and cap from package and attach T-handle to sampler body.
2. Quickly push the sampler into a freshly exposed surface of soil until the sampler is full.

Use paper toweling to quickly wipe the sampler head so that the cap can be tightly attached.

LI

4. Push cap on with a twisting motion to attach cap.

Fill out label and attach to sampler.

n

6. Repeat procedure for the other two samplers.

—
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7. Collect dry weight sample.
8. Store samplers at 4 degrees Celsius.
Ship sample containers with plenty of ice to the laboratory within 40 hours of collection.

5.2.2.2 ACID PRESERVATION SAMPLING FOR LOW LEVEL ANALYSES (21 UG/KG)

Acid Preservation Sampling Equipment Requirements

The following equipment and supplies are required for field Acid preservation:

e One 40mL VOA vial with acid preservation (for field testing of soil pH). Two pre-weighed 40mL
VOA vials with acid preservative and stir bar (for lab analysis)

e Two pre-weighed 40mL VOA vials with water and stir bar (in case samples effervesces).

¢ One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a

e pre-weighed vial that contams methanol (for screening sample and/or high level analysis).

e One dry weight cup.
e One 20z jar with acid preservatwe (in case additional acid is needed due to high

» soil pH).
e One scoop capable to deliver about one gram of solid sodium bisulfate,
e pH paper. :

e Weighing balance that weighsto 0.01 g (wnh an accuracy of +0.1g).
e Set of balance weights used in daily balance calibration.
* Gloves for working with pre-weighed sample vials.
¢ Paper toweling.
¢ Sodium bisulfate acid (NaHS0,) acid.
e A cutoff plastic syringe or other coring device to deliver 5 g or 25g of soil.
-
Testing Effervescing Capacity of Soils
=7
Soils must be tested with acid to determine the amount of effervescing that will occur when preserved
with acid. Effervescing will drive off VOCs as well as create a very high pressure in a sealed vial which
could explode. The following steps will provide information on the effervescing capacity of the soil.

1. Place~5g of soil into a vial that contains acid preservative and no stir bar.

2. Do not cap this vial as it may EXPLODE upon interaction with the soil.

.
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3. Observe the sample for gas evolution (due to carbonates in the soil).
4. If vigorous or sustained gas evolution occurs; then acid preservation is not acceptable to preserve
the sample.

n

In this case the samples need to be collected in the VOA vials with only water and a
stir bar. The vials with acid preservative CANNOT be used.

If a small amount or no gas evolution occurs: then acid preservation is acceptable to preserve
the sample. Keep this testing vial for use in the buffering testing detailed below.

In this case the samples need to be collected in the VOA vials with the acid preservative
and a stir bar.

Testing Buffering Capacity of Soils

The soils must be tested to detc":ffnine the quantity of acid that is required to reach a less than 2 pH
reading. The following steps will assist in determining this quantity.

1.

If acid preservation is acceptable for sampling soils then the sample vial that was used in the
effervescing testing can be used here for the buffering testing.

Cap the vial that contains 5g of soil, acid preservative and no stir bar from step | in the
effervescing testing. ‘

Shake the vial gently to attempt to make a homogenous solution.
When done, open the vial and check the pH of the acid solution with the pH paper.

If the pH paper reads below 2 then the sampling can be done in the two pre-weighed 40mL
VOA tnials with the acid preservative and stir bar. Since the pH was below 2, it is not
necessary to add additional acid to the vials.

If the pH paper reads above 2, then additional acid needs to be added to the sample vial.

Use the jar with the solid sodium bisulfate acid and add another one gram of acid to the sample.
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6. Cap the vial and shake thoroughly again.

7. When done, open the vial and check the pH of the acid solution with a new piece of paper.

» Ifthe pH paper reads below 2 then the sampling can be done in the two pre-weighed 40mL
VOA trials with the acid preservative and stir bar and one extra gram of acid.

« Make a note of the extra gram of acid needed so the same amount of extra acid can be added
to the vials the lab will analyze.

« If the pH paper reads above 2, then add another gram of acid and repeat this procedure one
more time.

Now that the soil chemistry has been determined the actual sampling can occur. The procedure stated
below assumes the correct vials are used based on the guidance discussed.

Sample Preservation Steps

1. Wear gloves during all handﬁng of pre-weighed vials.

Quickly collect a 5g sarnple using a cut off plastic syringe or other coring device designed
to deliver 5g of soil from a freshly exposed surface of soil.

[ (0]

3. Carefully wipe exterior of sample collection device with clean paper toweling.

4. Quickly transfer to the appropriate VOA trial, extruding with caution so that the solution
does not splash out of the vial.

5. Add more acid if necessary (this is based on the buffering testing discussed in the previous
section). -

o

6. Use the paper toweling and quickly remove any soil off the vial threads.
7. Cap vial and weigh the jar to the nearest 0.01 g.
8. Record exact weight on sample label.

9. Repeat sampling procedure for the duplicate VOA vial.
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10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

Weigh the vial with methanol preservative in it to the nearest 0.01g. If the weight of the vial with
methanol varies by more than 0.01g from the original weight recorded on the vial-discard the vial.
If the weight is within tolerance it can be used for soil preservation below.

Take the empty jar or the jar that contains the methanol preservative.

Quickly collect a 25g or Sg sample using a cut off plastic syringe or other coring device designed
to deliver 25g or 5g of soil from a freshly exposed surface of soil. The 25g or 5g size is dependent
on who is doing the sampling and who is doing the laboratory analysis.

Carefully wipe the exterior of the collection device with clean paper toweling.

Quickly transfer the soil to an empty jar or a jar that contains methanol. If extruding into a
jar that contains methanol be careful not to splash the methanol outside of the vial. Again, the
type of jar received is dependent on who is doing the laboratory analysis.

If the jar used to collect the soil plug was empty before the soil was added, immediately
preserve with the methanol provided-using only one vial of methanol preservative per sample

jar.
Use the paper toweling and remove any soil off of the vial threads and cap the jar.

Weigh the jar with the soil in it to the nearest 0.01g and record the weight on the sample label.

Collect dry weight sample-fill container.

Store samples at 4 degrees Celsius.

Ship sample containers with plenty of ice and per Department of Transportation (DOT)
regulations (CORROSIVE. FLAMMABLE LIQUID. POISON) to the laboratory.

5.2.2.3 EN CORE SAMPLER COLLECTION FOR HIGH LEVEL ANALYSES (2200 UG/KG)

EN CORE™ Sampling Equipment Requirements

The following equipment is required for high level analysis:
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e One 25g sampler or one 5g sampler (The sampler size used will be dependent on who is
doing the sampling and who is doing the laboratory analysis).

e One dry weight cup.
s One T-handle.
s Paper toweling.

EN CORE™Sampling Steps for High Level Analysis

1. Remove sample and cap from package and attach T-handle to sampler body.

Quickly push the sampler into a freshly exposed surface of soil until the sampler is full.

)

(U3

Use paper toweling to quickly wipe the sampler head so that the cap can be tightly attached.
4. Push cap on with a twisting motion to attach cap.

5. Fill out label and attached to-sampler.

6. Collect dry weight sample.

7. Store samplers at 4 degrges Celsius.

8. Ship sample containers with plenty. of ice 1o the laboratory within 40 hours of collection.

5.2.2.4 METHANOL PRESERVATION SAMPLING FOR HIGH LEVEL ANALYSES
(2200 UG/KG) |

Methanol Preservation Sampling Equipment Requirements

. One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a
pre-weighed vial that contains methano! (laboratory grade).

. One dry weight cup.

. Weighing balance that accurately weighs to 0.01g (wuh accuracy of +0.1g).

. Set of balance weights used in daily balance calibration.

. Latex gloves.

. Paper towel.
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S

Cutoff plastic syringe or other coring device to deliver 5g or 25g of soil.

ampling Preservation Steps

1.

10.

11.

12.

Wear gloves during all handling of pre-weighed vials.

Weigh the vial with methanol preservative in it to the nearest 0.01g. If the weight of the vial
with methanol varies by more than 0.01g from the original weight recorded on the vial-
discard the vial. If the weight is within tolerance it can be used for soil preservation/collection

below.

Take the empty jar or the jar that contains the methanol preservative.

Quickly collect a 25g or 5g sample using a cut off plastic syringe or other coring device
designed to deliver 25g or 5g of soil from a freshly exposed surface of soil. The 25g or 5g
size used is dependent on who is doing the sampling and who is doing the laboratory analysis.

Carefully wipe the exterior of'the collection device with clean paper toweling.

Quickly transfer the soil to an empty jar or a jar that contains methanol. If extruding into a
jar that contains methanol be careful not to splash the methanol outside of the vial. Again, the

type of jar used is dependent on who is doing the laboratory analysis.

If the jar used to collect the soil plug was empty before the soil was added, immediately
preserve with the methanol provided-using only one vial of methanol preservative per sample

jar.
Using the paper toweling-remove any soil off of the vial threads and cap the jar.

Weigh the jar with the soil in it to the nearest 0.01g and record the weight on the sample label.

Collect dry weight sample-fill container.

Store samples at 4 degrees Celsius.

Ship sample containers with plenty of ice and per DOT regulations (CORROSIVE.
FLAMMABLE LIQUID. POISON) to the laboratory.
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5.2.3  Method for Collecting Sampleé for Nonvolatile Organic or Inorganic Compound Analysis

The requirements for collecting samples of surface soil for nonvolatile’ organic or inorganic analyses are

as follows:

1. Label each sample container with the appropriate information. Secure the label by covering it
with a piece of clear tape.

2. Use a decontaminated stainless steel or Teflon-lined trowel or spoon to obtain sufficient sample
from the required interval and subsampling points, if necessary, to fill the specified sample

containers.

Empty the contents of each fill of the sampling device directly into a clean stainless steel or
Teflon-lined tray or bowl.

[O%)

4.  Homogenize the sample by mixing with a spoon, spatula, or trowel.

5. Use the spoon, spatula, or trowel to distribute the uniform mixture into the labeled sample
containers. Fill organic sample containers first, then inorganics.

6.  Secure the appropriate cap on each container immediately after filling it.
7. Wipe the sample containers clean with a clean Kimwipe or paper towel.
8.  Place sample containers in individual zip-top plastic bags and seal the bags.

9. Pack all samples as required. Include properly completed documentation, and affix custody
seals to the cooler lid.

10. Decontaminate sampling equipment according to CDM Federal SOP 4-5.
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6.0 RESTRICTIONS/LIMITATIONS

When grab sampling for VOC analysis or for analysis of any other compound(s) that may be degraded
by aeration, it is necessary to minimize sample disturbance and, hence, analyze loss. The
representativeness of this sample, however, is difficult to determine because the collected sample

represents a single point, is not homogenized, and has been disturbed.

7.0 REFERENCES

U.S. Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control Requirements
For Field Methods, DOE/HWP-69/R1, July 1990 or current revision.

U.S. Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating
Procedures For Site Characterizations, DOE/HWP-100, July 1990 or current revision.

U.S. Environmental Protection Agency, 4 Compendium of Superfund Field Operations Methods,
EPA/540/P-87/001, December 1987 or current revision.

U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods (SW-846), Third Edition, November 1986, (as amended by Update III, June 1997). Method
5035: Closed-System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste Samples.
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1.0 OBJECTIVE

The objective of this standard operating procedure (SOP) is to establish packaging and shipping
requirements and guidelines for environmental sample shipping.

2.0 BACKGROUND.

2.1 Definitions

Environmental Sample - An Environmental Sample is any sample that has less than reportable
quantities for any hazardous constituents according to Department of Transportation (DOT) regulations

promulgated in 49 CFR - Part 172. -

Chain of Custody Seal - Narrow strip of adhesive paper used to demonstrate that no tampering has
occurred.

2.2 Discussion

Proper packaging and shipping is necessary to ensure the protection of the integrity of environmental
samples shipped for analysis.

2.3 Associated Procedure

- CDM Federal SOP 1-2, Sample Custody

3.0 RESPONSIBILITIES

Field Team Leader - The Field Team Leader is responsible for ensuring that packaging and sampling
procedures are conducted in accordance with this SOP. The Field Team Leader is also responsible for

. ensuring that laboratory analysis of samples is properly coordinated by CDM Federal.

i
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4.0 REQUIRED EQUIPMENT

» Coolers with return address of CDM Federal office
-« Heavy-duty plastic garbage bags

o Plastic zip-top bags, small and large

* Clear Tape

» Fiber tape

*  Duct tape

«  Vermiculite (or equivalent)*

« Bubble wrap (optional)

* Ice

« Chain-of-Custody seals

« Completed Chain-of-Custody record or CLP custody records if applicable

« Completed Bill of Lading
« "This End Up" and directional arrow labels

* Check for any client-specific or laboratory requirements related to the use of absorbent packaging

materials.

5.0 PROCEDURES

The following steps must be followed when packing sample bottles and jars for shipment:

1. Verify the samples undergoing shipment meet the definition of “Environmental Sample” and are
not a hazardous material as defined by DOT. Professional judgement and/or consultation with
the appropriate Health and Safety Coordinator or the Heaith and Safety Manager should be

observed.

2. Select a sturdy cooler in good repair. Secure and tape the drain plug with fiber or duct tape.

Line the cooler with a large heavy-duty plastic garbage bag.

3. Be sure the caps on all bot{iés are tight (will not leak); check to see that labels and chain-of-
custody records are completed properly (SOP 1-2, Sample Custody).

4. Place all bottles in separate and appropriately sized plastic zip-top bags and close the bags. Up
to three VOA vials may be packed in one bag. Bottles may be wrapped in bubble wrap.
Optionally, place three to six VOA vials in a quart metal can and then fill the can with
vermiculite or equivalent. Note: Trip blanks must be included in coolers containing VOA

samples.
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5. Place two to four inches of vermiculite (or equivalent) into a cooler that has been lined with a
trash bag, and then place the bottles and cans in the bag with sufficient space to allow for the
addition of more packing material between the bottles and cans. It is preferable to place glass
sample bottles and jars into the cooler vertically. Due to the strength properties of a glass
container, there is much less chance for breakage when the container is packed vertically rather

than horizontally.

6. Putice in large plastic zip-top bags (double bagging the zip-tops is preferred) and properly seal.
Place the ice bags on top of and/or between the samples. Several bags of ice are required
(dependant on outdoor temperature, staging time, etc.) to maintain the cooler temperature at
less than or equal to 4° Centigrade. Fill all remaining space between the bottles or cans with
packing material. Securely fasten the top of the large garbage bag with fiber or duct tape.

7. Place the completed Chain-of-Custody Record or the CLP Traffic Report Form (if applicable)
for the laboratory into a plastic zip-top bag, seal the bag, tape the bag to the inner side of the
cooler's lid, and then close the cooler.

8. Fiber tape shall be wrapped around each end of the cooler two times, and completed Chain-of-
Custody seals affixed to the top opposite sides of the cooler, half on the fiber tape so that the
cooler cannot be opened without breaking the seal. Complete two more wraps around with
fiber tape; place clear tape over custody seals.

9. The shipping container lid must be marked "THIS END UP" and arrow labels which indicate the
proper upward position of the container should be affixed to the cooler. A label containing the
name and address of the shipper (CDM Federal) shall be placed on the outside of the container.
Labels used in the shipment of hazardous materials (such as Cargo Only Air Craft, Flammable
Solids, etc.) are not permitted to be on the outside of the container used to transport
environmental samples and shall not be used. The name and address of the laboratory shall be
placed on the container, or when shipping by common courier, the Bill of Lading shall be

~ completed and attached to the lid of the shipping container.

6.0 RESTRICTIONS/LIMITATIONS

The holding times for the samples packed for shipment must not be exceeded. It is recommended that
samples be packed in time to be shipped nightly for overnight delivery. Use caution when shipping
samples for weekend delivery, make arrangements with laboratory before sending samples.
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7.0 REFERENCES

EPA/540/P-90/006, December 1990.

Assurance Manual, February 1991.

I

U.S. Environmental Protection Agency, Sampler's Guide to the Contract Laboratory Program,

U.S. Environmental Protection Agency, Region IV, Standard Operating Procedures and Quality
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1.0 OBJECTIVE

The objective of this standard operating procedure (SOP) is to set CDM Federal criteria for content entry
and form of field logbooks. A

2.0 BACKGROUND
2.1 Definitions

Biota - The flora and fauna of a region.

Decontamination - To remove contaminants from field sampling equipment that might bias analytical
results.

Magnetic Declination Corrections - Compass adjustmients to correct for the angle between magnetic north
and geographical meridians.

2.2 Discussion

Information recorded in field logbooks include observations, data, calculations, time, weather, description
of the data collection activity, methods, instruments, and results. Additionally, the logbook may contain
descriptions of wastes, biota, geologic material, and site features including sketches, maps, or drawings as

appropriate,

4
z

3.0 RESPONSIBILITIES

Field Team Leader (FTL) - The FTL is responsible for ensuring the nature and form of data entries are
conducted in accordance with this procedure.

Site Personnel - All CDM Federal employees who make entries in field logbooks during on-site activities
are required to read this procedure prior to engaging in this activity. The FTL will assign field logbooks to
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site personnel who will be responsible for their care and maintenance.

4.0 REQUIRED EQUIPMENT

¢ Site-specific plans
¢ Field notebook

¢ Indelible black or blue ink pen

e Ruler or similar scale (in some circumstances)

5.0 PROCEDURES

5.1  Preparation

In addition to this SOP, site personnel responsible for maintaining logbooks must be familiar with other
pertinent CDM Federal and site SOPs. These should be consulted as necessary to obtain specific
information about equipment and supplies, health and safety, sample collection, packaging,
decontamination, and documentation. These procedures should be located at the field office.

Field logbooks shall be bound with lined, consecutively numbered pages. All pages must be numbered
prior to initial use of the logbook. Prior to use in the field, each logbook will be marked with a specific
document control number issued by the document control administrator, if required by the QIP. Not all
contracts require document control numbers. The following information shall be recorded on the cover of

the logbook:

Field Logbook Document Control Number

- Activity (if the logbook is to be activity-specific)
Name of CDM Federal contact and phone number(s)
Start date

'i
The first few (apprommately five) pages of the logbook will be reserved for a table of contents. Mark the
first page with the heading and enter the following:

TABLE OF CONTENTS

Date/Description Page

(Start Date)/Reserved for TOC v 1-5

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures




FIELD LOGBOOK CONTENT AND CONTROL SOP 4-1

Revision: 3
Date: February 18, 1999
Page 3 of 5

The remaining pages of the Table of Contents will be designated as such with "TOC" written on the top
center of each page.

5.2 Operation

The following is a list of requirements that must be followed when using a logbook:

Record work, observations, quantitiés of materials, calculations, drawings, and related
information directly in the logbook. If data collection forms are specified by an activity-
specific plan, this information need not be duplicated in the logbook. However, any forms used
to record site information must be referenced in the logbook.

Do not start a new page until the previous one is full or has been marked with a single diagonal
line so that additional entries cannot be made. Use both sides of each page.

Do not erase or blot out any entry at any time. Indicate any deletion by a single line through the
material to be deleted. Initial and date each deletion. Take care to not obliterate what was

written previously.
Do not remove any pages from the book.

Record as much information as possible.

Specific requirements for field logbook entries include:

Initial and date each page
Sign and date the final page of entnies for each day

Initial and date all changes
Multiple authors must sign out the logbook by msemng the following:

Above notes authored by:
- (Sign name)
- (Pnint name) s

- (Date)

A new author must sign and print his’/her name before additional entries are made
Draw a diagonal line through the remainder of the final page at the end of the day
Record the following information on a daily basis:

- Date and time .
- Name of individual making entry
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- Names of field team and other persons on-site

- Description of activity being conducted including station (i.e., well, boring,
sampling location number) if appropriate

- Weather conditions (i.e., temperature, cloud cover, precipitation, wind direction, and
speed) and other pertinent data

- Level of personal protection to be used

- Serial numnbers of instruments

- Required calibration information

- Serial/tracking numbers on documentation {(e.g., carrier airbills)

Entries into the field logbook shall be preceded with the time (written in military units) of the observation.
The time should be recorded frequently and at the point of events or measurements that are critical to the
activity being logged. All measurements made and samples collected must be recorded unless they are
documented by automatic methods (e.g., data logger) or on a separate form required by an operating
procedure. In these cases, the logbook must reference the automatic data record or form.

At each station where a sample is collected or an observation or measurement made, a detailed description
of the location of the station is required. Use a compass (include a reference to magnetic declination
corrections), scale, or nearby survey markers, as appropriate. A sketch of station location may be
warranted. All maps or sketches made in the logbook should have descriptions of the features shown and a
direction indicator. It is preferred that maps and sketches be oriented so that north is toward the top of the

page.
Other events and observations that should be recorded include:
e (Changes in weather that impact field activities

» Deviations from procedures outlined in any governing documents. Also record the reason for
any noted deviation.

e Problems, downtime, or delays

¢ Upgrade or downgrade ;)f personal protection equipment
53 Post-Operation |
To guard against loss of data due t§ damage or disappearance of logbooks, completed pages shall be
periodically photocopied (weekly, at a minimum) and forwarded to the field or project office. Other field

records shall be photocopied and submitted regularly and as promptly as possible to the office. When
possible, electronic media such as disks and tapes should be copied and forwarded to the office.
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At the conclusion of each activity or phase of site work, the individual responsible for the logbook will
ensure that all entries have been appropriately signed and dated, and that corrections were made properly
(single lines drawn through incorrect information, then initialed and dated). The completed logbook shall

be submitted to the records file.

6.0 RESTRICTIONS/LIMITATIONS

Field logbooks constitute the official record of on-site technical work, investigations, and data collection
activities. Their use, control, and ownership are restricted to activities pertaining to specific field
operations carried out by CDM Federal personnel and their subcontractors. They are documents that may
be used in court to indicate and defend dates, personnel, procedures, and techniques employed during site
activities. Entries made in these notebooks should be factual, clear, precise, and as non-subjective as
possible. Field logbooks, and entries within, are not to be utilized for personal use.

7.0  REFERENCES

Sandia National Laboratones, Procedure for Preparing, Sampling and Analysis Plan, Site-Specific
Sampling Plan, and Field Operating Procedures, QA-02-03, Albuquerque Environmental Program

Department 3220, Albuquerque, New Mexico, 1991.

Sandia National Laboratories, Division 7723, Field Operation Procedure for Field Logbook Content and
Control, Environmental Restoration Department, Albuquerque, New Mexico, 1992.
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1.0 OBJECTIVE V

The objective of this standard operating procedure (SOP) is to describe the procedures required for
decontamination of field equipment.

2.0 BACKGROUND

2.1 Definitions

Clean - Free of visible contamination and when decontamination has been completed in accordance
with this SOP.

Cross-Contamination - The transfer of contaminants through equipment or personnel from the
contamination source to less contaminated or noncontaminated samples or areas.

Decontamination - The process of rinsing or otherwise cleaning the surfaces of equipment to rid them
of contaminants and to minimize the potential for cross contamination of samples or exposure of

personnel.
2.2 Discussion

Decontamination of field equipment is necessary to ensure the quality of sarples by preventing cross
contamination. Further, decontamination reduces health hazards and prevents the spread of

contaminants off-site.

3.0 RESPONSIBILITIES

Field Team Leader - The Field Team Leader (FTL) ensures that field personnel are trained in the
performance of this procedure and that decontamination is conducted in accordance with this procedure.
The FTL may also be required to collect and document rinsate samples to provide quantitative
verification that these procedures have been correctly implemented.
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4.0 REQUIRED EQUIPMENT

«  Stiff-bristle scrub brushes

»  Plastic buckets and troughs

»  Laboratory-grade detergent (low phosphate)

«  Nalgene or Teflon Sprayers or wash bottles or 2- to 5-gallon, manual-pump sprayer (pump

sprayer material must be compatible with the solution used)
»  Plastic sheeting

«  Disposable wipes or rags
»  Potable water and/or deionized water and/or American Society for Testing and Materials

(ASTM) Type Il or better, as defined by ASTM Standard Specification for Reagent Water,
Standard D 1193-77 (re-approved 1983)*

»  Gloves, safety glasses, and other protective clothing as specified in the sﬁe-spemﬁc health and
safety plan

»  High-pressure pump with soap dispenser or steam-spray unit (for large equipment only)

»  Appropriate decontamination solutions pesticide grade or better and traceable to a source (e.g.
10% and/or 1% nitric acid (HNO,), acetone, methanol, isopropanol, hexane)

»  Tools for equipment assembly and disassembly (as required)

»  55-gallon drums or tanks (as required)

+  Pallets for drums or tanks holding decontamination water (as requxred)

* Potable, deionized, and ASTM Type II water may be required to be tested for contaminants
before use. Check field plan for requirements.

5.0 PROCEDURES

All reusable equipment (non-dedicated) used to collect, handle, or measure samples will be
decontaminated before coming into contact with any sample. Decontamination of equipment will occur
either at the central decontamination station or at portable decontamination stations set up at the
sampling location, drill sites, or monitoring well locations. The centrally located decontamination
station will include an appropriately sized bermed area on which equipment decontamination will occur
and shall be equipped with a collection system and storage vessels. In certain circumstances, berming
1s not required when small quantities of water are being generated and for some short duration field
activities (i.e., pre-remedial sampling).

The decontamination area will be constructed so that contaminated water is either collected directly into
appropriate containers (5-gallon buckets or steel wash tubs) or within the berms of the decontamination
area which then drains into a collection system. Water from the collection system will be pumped into
55-gallon drums or portable tanks for storage. Typically, decontamination water will be staged until
sampling results or waste characterization results are obtained and evaluated and the proper disposition
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of the waste is determined. The exact procedure for decontamination waste disposal should be
discussed in the field plan. Also, decontamination fluids, such as solvents may need to be segregated

from other investigation derived wastes.

All items that will come into contact with potentially contaminated media will be decontaminated
before use and between sampling and/or drilling locations. If decontaminated items are not
immediately used, they will be covered either with plastic or aluminum foil depending on the size of the
item. All decontamination procedures for the equipment being used are as follows:

General Guidelines

»  Potable and deionized water should be free of all contaminants of concern. Following the field
plan, analytical data from the water source may be required. If required, either existing analytical
data from the water source supplier (i.e., municipality, bottled water company, deionized water
producer) may be obtained or chemical testing may be performed on the selected source.

«  Soap used in the soap and water rinse step will be a low phosphate detergent.

»  Sampling equipment that has come into contact with oil and grease will be cleaned with methanol
or other approved alternative to remove the oily material. This may be followed by a hexane rinse
and then another methanol rinse. Regulatory or client requirements will be stated in the field plan.

«  Decontaminated equipment will be allowed to air dry before being used.

+  Documentation for all cleaning will be recorded in the appropriate logbook.

+  All solvents will be pesticide grade or better and traceable to a source. The corresponding lot
numbers will be recorded in the appropriate logbook.

»  Gloves, boots, safety glasses, and any other personnel protective clothing and equipment will be
used as specified in the site-specific health and safety plan.

5.1 Heavy Equipment Decontamination

Heavy equipment includes drilling rigs and backhoes. Follow these steps when decontaminating this
equipment:

1. Establish a decontamination area with berms that is large enough to fully contain the
equipment to be cleaned. If available, an existing wash pad or appropriate paved and bermed
area may be utilized; otherwise, use one or more layers of heavy plastic sheeting to cover the
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grohhd surface and berms. All decontamination pads should be upwind of the area to
investigated.

With the rig in place, spray areas (rear of rig or backhoe) exposed to contaminated soils using
a hot water high-pressure sprayer. Be sure to spray down all surfaces, including the

undercarriage.

Use brushes, and low phosphate detergent and potable water to remove dirt whenever
necessary.

Remove equipment from the decontamination pad and allow it to air dry before returning it to
the work site.

Record equipment type, date, time, and method of decontamination in the appropriate
logbook.

After decontamination activities are completed, collect all contaminated waste water, plastic
sheeting, and disposable gloves, boots, and clothing in separate containers or receptacles. All
receptacles containing contaminated items must be properly labeled for disposal as detailed in
the field plan. Liquids and solids must be drummed separately.

5.2 Downhole Equipment Decontamination -

Downbhole equipment decontamination includes hollow-stem augers, drill pipes, casings, screens, etc.
Follow these steps when decontaminating this equipment:

1.

Set up a centralized decontamination area, if possible. This area should be set up to collect
contaminated rinse waters and to minimize the spread of airborne spray.

Set up a "clean" area upwind of the decontamination area to receive cleaned equipment for air
drying. At a minimum, clean plastic sheeting must be used to cover the ground, tables, or
other surfaces on which decontaminated equipment is to be placed. All decontamination pads
should be upwind of any areas under investigation.

Place the object to be cleaned on aluminum foil or plastic-covered wooden sawhorses or other
supports.

Using low phosphate detergent and potable water in the hot water high-pressure sprayer (or
steam unit), spray the contaminated equipment. Aim downward to avoid spraying outside the
decontamination area. Be sure to spray inside corners and gaps especially well. Use a brush,
if necessary, to dislodge dirt. ‘
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If using soapy water, rinse the equipment using clean, potable water. If using hot water, the
rinse step is not necessary if the hot water does not contain a detergent. If the hot water
contains a detergent, this final clean water rinse is required.

Using the manual-pump sprayer, rinse the equipment thoroughly with deionized water (ASTM

Type 11 or better).

Remove the equipment from the decontamination area and place in a clean area upwind to air

dry.

Record equipment type, date, time, and method of decontamination in the appropriate
logbook. :

After decontamination activities are completed, collect all contaminated waste waters, plastic
sheeting, and disposable gloves, boots, and clothing in separate containers or receptacles. All
receptacles containing contaminated items must be properly labeled for disposal. Liquids and

solids must be drummed separately.

5.3 Sampling Equipment Decontamination

Sampling equipment includes split spoons, spatulas, and bowls used for sample homogenization that
directly contact sample media. Follow these steps when decontaminating this equipment:

1.

LI

Set up a decontamination line on plastic sheeting. The decontamination line should progress
from "dirty" to "clean" and have an area located upwind for drying decontaminated
equipment. At a minimum, clean plastic sheeting must be used to cover the ground, tables, or
the surfaces on which decontaminated equipment is to be placed for drying.

Before washing, disassemble any items that might trap contaminants internally. Do not
reassemble these items unti} decontamination and air drying are complete. Wash items
thoroughly in a bucket of low phosphate detergent and potable water. Use a stiff-bristle brush
to dislodge any gross contamination (soil or debris).

Rinse the item in potable water. Rinse water should be replaced as needed, generally when
cloudy.

Using a hand sprayer, wash bottles, or manual-pump sprayer, rinse the item with deionized
water (ASTM Type II or better).
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10.

11.

12.

If required by the site-specific field plans, rinse the item with 10% nitric acid (for stainless
steel, glass, plastic, and Teflon), or 1% nitric acid (for items made of low-carbon steel)

. followed by a deionized water (ASTM Type II or better) rinse.

NOTE: Care should be taken not to get nitric acid on skin or clothing. This step should not
be used unless required by sampling needs as dictated in the field plan.

CAUTION: Do not allow nitric acid to contact methanol or hexane. Contain nitric acid
waste separate from organic solvents.

If sampling for organic analytes, rinse the item with methanol or approved organic solvent.
Rinse the item with deionized water (ASTM Type II or better).

If required by the field plan, when sampling for polar organic compounds such as pesticides,
polychlorinated biphenyls (PCBs), and fuels, rinse the item with hexane or approved
alternatives, followed by a second methanol rinse.

Allow the item to air dry completely.
After drying, wrap the-clean item in plastic wrap or in aluminum foil, shiny side out.

Record equipment type, date, time, and method of decontamination in the appropriate
logbook. :

After decontamination activities are completed, collect all contaminated waters, used solvents
and acids, plastic sheeting, and disposable gloves, boots, and clothing. Place contaminated
items in properly labeled drums for disposal. Liquids and solids must be drummed separately.
(Refer to site-specific plans for labeling and waste management requirements).

5.4 Pump Decontamination

Follow these steps when decontaminating pumps:

1.

Set up the decontamination area and separate "clean" storage area using plastic sheeting to
cover the ground, tables, and other porous surfaces. Set up three 55-gallon drums and one or
more containers of ASTM Type II water (or as specified in the field plan) with one drum
containing dilute (nonfoaming) soapy water, the second drum containing potable water, and
the third drum receiving waste water.
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The pump should be set up in the same configuration as for sampling. Submerge the pump
intake (or the pump, if submersible) and all downhole-wetted parts (tubing, piping, foot valve)

. in the soapy water of the first drum. Place the discharge outlet in the waste water drum above

the level of the waste water. Pump soapy water through the pump assembly until it discharges
to the waste drum.

Move the pump assembly to the potable water drum while leaving discharge outlet in the
waste drum. All downhole-wetted parts must be immersed in the potable water rinse. Pump
potable water through the pump assembly until it runs clear.

Move the pump intake to the ASTM Type II water can. Pump the ASTM Type II water
through the pump assembly. Usually, three pump-and-line-assembly volumes will be

required.

Decontaminate the discharge outlet by hand following the steps outlined in Section 5.3.

Remove the decontaminated pump assembly to the "clean" area and allow it to air dry upwind
of the decontamination area. Intake and outlet orifices should be covered with aluminum foil

to prevent the entry of airborne contaminants and particles.

Record the equipment type, serial number, date, time, and method of decontamination in the
appropriate logbook.

5.5 Instrument Probe Decontamination

Instrument probes used for field instruments such as pH meters, conductivity meters etc. will be
decontaminated between samples and after use with ASTM type II, or better, water.

5.6 Waste Disposal

Refer to site-specific plans for waste disposal requirements. The following are guidelines for disposing
of wastes:

1.

All wash water, rinse water, and decontamination solutions that have come in contact with
contaminated equipment are to be handled, packaged, labeled, marked, stored, and disposed of

as investigation-derived waste.

Small quantities of decontamination solutions may be allowed to evaporate to dryness.

If large quantities of used decontamination solutions will be generated, it may be best to
separate each type of waste in a separate container. This may permit the disposal of wash
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water and rinse water onsite or in a sanitary sewage treatment plant rather than as a hazardous
waste. If an industrial waste water treatment plant is available onsite, the disposal of acid

solutions and solvent-water solutions may be permitted.

4. Unless required, plastic sheeting and disposable protectlve clothing may be treated as a solid,
nonhazardous waste.

6.0 RESTRICTIONS/LIMITATIONS

Nitric acid and polar solvent rinses are necessary only when sampling for metals or organics
respectively. These steps should not be used unless required because of acid burn and ignitability

hazards.

If the field equipment is not allowed to air dry properly before use, volatile organic residue which
interferes with the analysis may be detected in the samples. The occurrence of residual organic solvents
is often dependent on the time of year sampling is conducted; in the summer, volatilization is rapid and
in the winter, volatilization is slow. Check with your EPA region, state and client for approved
decontamination solvents.

7.0 REFERENCES

Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating Procedures
For Site Characterization, DOE/HWP-100, July 1990.

Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control Requirements
For Field Methods, DOE/HWP-69/RI.

American Society for Testing and Materials, Standard Practice for Decontamination of Field
Equipment at Nonradioactive Waste Sites, ASTM D5088-90, June 29, 1990.

U.S. Environmental Protection Agency, Region I1, "CERCLA Quality Assurance Manual, Revision 1,
1989.

U.S. Environmcntal Protection Agcncy, Region IV, Engineering Support Branch Standard Operating
Procedures and Quality Assurance Manual, 1986.

U.S. Environmental Protection Agency, A Compendium of Superfund Field Operations Methods,
EPA/540/P-87/001.1, 1987.
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ASBESTOS and OTHER FIBERS by PCM 7400

Various MW: Various CAS: Various RTECS: Various

METHOD: 7400, Issue 2 EVALUATION: FULL Issue 1: Rev. 3 on 15 May 1989
Issue 2: 15 August 1994

OSHA : 0.1 asbestos fiber (> 5 Um long)/cc;
1 fleec/30 min excursion; carcinogen
MSHA: 2 asbestos fibers/cc PROPERTIES: solid, fibrous, crystaltine, anisotropic
NIOSH: 0.1 f/ce (fibers > 5 [im long)/400 L; carcinogen )
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other
asbestos, fibers/cc; carcinogen

SYNONYMS [CAS #]: actinolite [77536-66-4] or ferroactinolite [15669-07-5}; amosite [12172-73-5); anthophyliite [77536-67-5];
chrysotile [12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [77536-68-6]; amphibole asbestos [1332-21-4];
refractory ceramic fibers [142844-00-6]; fibrous glass.

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: LIGHT MICROSCOPY, PHASE
(0.45~ to 1.2-pm cellulose ester membrane, 25- CONTRAST
mm; conductive cowl on cassette)
ANALYTE: fibers {(manual count)
FLOW RATE*: 0.5t016 L/imin SAMPLE
PREPARATION: acetone - collapse/triacetin - immersion
VOL-MIN*: 400 L @ 0.1 fiber/cc
-MAX*; (step 4, sampling) COUNTING
*Adjust to give 100 to 1300 fiber/mm? RULES: described in previous version of this

method as "A" rules [1,3]
SHIPMENT: routine (pack to reduce shock)

EQUIPMENT: 1. positive phase-contrast microscope
SAMPLE 2. Walton-Beckett graticule (100-Him field
STABILITY: stable of view) Type G-22
3. phase-shift test slide (HSE/NPL)
BLANKS: 2 to 10 field blanks per set
CALIBRATION: HSE/NPL test slide
ACCURACY RANGE: 100 to 1300 fibers/mm? filter area
) . 2 £
RANGE STUDIED: 80 to 100 fibers counted ESTIMATED LOD: 7 fibers/mm” filter area
BIAS: See EVALUATION OF METHOD PRECISION (S,}):  0.10t0 0.12[1]; see EVALUATION OF

METHOD
OVERALL PRECISION (S,1):0.115 t0 0.13 [1)

ACCURACY: See EVALUATION OF METHOD

APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample volume
and quantity of interfering dust, and is <0.01 fiber/cc for atmospheres free of interferences. The method gives an index of airborne
fibers. Itis primarily used for estimating asbestos concentrations, though PCM does not differentiate between asbestos and other
fibers. Use this method in conjunction with electron microscopy (e.g., Method 7402) for assistance in identification of fibers. Fibers <
ca, 0.25 um diameter will not be detected by this method [4]. This method may be used for other materials such as fibrous glass by
using alternate counting rules (see Appendix C).

INTERFERENCES: If the method is used to detect a specific type of fiber, any other airberne fiber may interfere since all particles
meeting the counting criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust particles may
" obscure fibers in the field of view and increase the detection limit.

OTHER METHODS: This revision reptaces Method 7400, Revision #3 (date 5/15/89).

NIOSH Manuat of Analytical Methods (NMAM), Fourth Edition, 8/15/94



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 2, dated 15 August 1994 - Page 2 of 15

REAGENTS:

1.
2.

Acetone,* reagent grade.
Triacetin (glycerol triacetate), reagent grade

*  See SPECIAL PRECAUTIONS. T

EQUIPMENT;

1.

W0 o~

Sampler: field monitor, 25-mm, three-piece
cassette with ca. 50-mm electrically
conductive extension cowl and cellulose ester
fiiter, 0.45- to 1.2-Uym pore size, and backup
pad.
NOTE 1: Analyze representative filters for
fiber background before use to
check for clarity and background.
Discard the filter lot if mean is >5
fibers per 100 graticule fields.
These are defined as |laboratory
blanks. Manufacturer-provided
quality assurance checks on filter
blanks are normaily adequate as
long as field blanks are analyzed
as described below. .

The electrically conductive
extension cowl reduces
electrostatic effects. Ground the
cowl when possibie during
sampling.

Use 0.8-im pore size filters for
personal sampling. The 0.45-ym
filters are recommended for
sampling when performing TEM
analysis on the same samples.
However, their higher pressure
drop precludes their use with
personal sampling pumps.

Other cassettes have been
proposed that exhibit improved
uniformity of fiber deposit on the
filter surface, e.g., bellmouthed
sampler (Envirometrics,
Charleston, SC). These may be
used if shown to give measured
concentrations equivalent to
sampler indicated above for the
application.

NOTE 2:

NOTE 3:

NOTE 4:

. Personal sampling pump, battery or line-

powered vacuum, of sufficient capacity to
meet flow-rate requirements (see step 4 for
flow rate), with flexible connecting tubing.

. Wire, multi-stranded, 22-gauge; 1", hose-

clamp to attach wire to cassette. —-

. Tape, shrink- or adhesive-.
. Slides, glass, frosted-end, pre-cleaned, 25 x

75-mm.

. Cover slips, 22- x 22-mm, No. 1-1/2, unless

otherwise specified by microscope
manufacturer.

. Lacquer or nail polish.
. Knife, #10 surgical steel, curved blade.
. Tweezers.
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EQUIPMENT:

10. Acetone flash vaporization system for
clearing filters on glass slides (see ref. [5]
for specifications or see manufacturer's
instructions for equivalent devices).

11. Micropipets or syringes, 5-jL and 100- to
500-pL.

12. Microscope, positive phase (dark) contrast,
with green or blue filter, adjustable field iris,
8 to 10X eyepiece, and 40 to 45X phase
objective (total magnification ca. 400X);
numerical aperture = 0.65 to 0.75.

13. Graticule, Walton-Beckett type with 100-um
diameter circular field (area =
0.00785 mm2) at the specimen plane
(Type G-22). Available from Optometrics
USA, P.O. Box 698, Ayer, MA 01432
[phone (508)-772-1700], and McCrone
Accessories and Components, 850
Pasquinelli Drive, Westmont, IL. 60558
{phone (312) 887-7100].

NOTE: The graticule is custom-made for
each microscope. (see
APPENDIX A for the custom-
ordering procedure).

14. HSE/NPL phase contrast test slide, Mark Il
Available from Optometrics USA (address
above).

15, Telescope, ocular phase-ring centering.

16. Stage micrometer (0.01-mm divisions).

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it.
Heating of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume hood
using a flameless, spark- free heat source.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. To reduce contamination and to hold the cassette tightly together, seal the crease between the
cassette base and the cow! with a shrink band or light colored adhesive tape. For personal
sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should be
oriented downward.

NOTE: The cowl should be electrically grounded during area sampling, especially under conditions
of low relative humidity. Use a hose clamp to secure one end of the wire (Equipment, item
3) to the monitor's cowl. Connect the other end to an earth ground (i.e., cold water pipe}.

3. Submit at least two field bianks (or 10% of the total samples, whichever is greater) for each set of
samples. Handle field blanks in a manner representative of actual handling of associated samples
in the set. Open field biank cassettes at the same time as other cassettes just prior to sampling.
Store top covers and cassettes in a clean area (e.g., a closed bag or box) with the top covers from
the sampling cassettes during the sampling period.

4. Sample at 0.5 L/min or greater [6]. Adjust sampling flow rate, Q (L/min), and time, t (min), to
produce a fiber density, E, of 100 to 1300 fibers/mm? (3.85-10* to 5-10° fibers per 25-mm filter with
effective collection area A_= 385 mm?) for optimum accuracy. These variables are related to the
action level (one-half the current standard), L (fibers/cc), of the fibrous aerosol being sampled by:

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter.
The collection efficiency does not appear to be a function of flow rate in the range of 0.5
to 16 L/min for asbestos fibers [7]. Relatively large diameter fibers (>3 im) may exhibit
significant aspiration loss and iniet deposition. A sampling rate of 1 to 4 L/min for 8 h is
appropriate in atmospheres containing ca. 0.1 fiber/cc in the absence of significant
amounts of non-asbestos dust. Dusty atmospheres require smaller sample volumes
(<400 L) to obtain countable samples. In such cases take short, consecutive samples
and average the results over the total collection time. For documenting episodic -
exposures, use high flow rates (7 to 16 L/min) over shorter sampling times. In relatively
clean atmospheres, where targeted fiber concentrations are much less than 0.1 fiber/cc,
use larger sample volumes (3000 to 10000 L) to achieve quantifiable icadings. Take
care, however, not to overload the filter with background dust. If > 50% of the filter
surface is covered with particles, the filter may be too overloaded to count and will bias
the measured fiber concentration.

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion
measurement, and a maximum sampling rate of 2.5 L/min {3].

5. At the end of sampling, replace top cover and end plugs.
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent
jostling or damage.

NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic

forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:

NOTE 1: The object is to produce samples with a smooth (non-grainy) background in a medium
with refractive index <1.46. This method collapses the filter for easier focusing and
produces permanent (1 - 10 years) mounts which are useful for quality control and
interlaboratory comparison. The aluminum "hot block" or similar flash vaporization
techniques may be used outside the laboratory [2]. Other mounting techniques meeting
the above criteria may also be used (e.g., the laboratory fume hood procedure for
generating acetone vapor as described in Method 7400 - revision of 5/15/85, or the
non-permanent field mounting technique used in P&CAM 239 {3,7,8,9]). Unless the
effective filtration area is known, determine the area and record the information
referenced against the sampie |[D number [1,9,10,11].

NOTE 2: Excessive water in the acetone may slow the clearing of the filter, causing material to
be washed off the surface of the filter. Also, filters that have been exposed to high
humidities prior to clearing may have a grainy background.

7. Ensure that the glass slides and cover slips are free of dust and fibers.
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C [2].
NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and be
isolated from any surface susceptible to heat damage.
9. Mount a wedge cut from the sample filter on a clean glass slide.
a. Cut wedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a rocking
motion to prevent tearing. Place wedge, dust side up, on slide.
NOTE.: Static electricity will usually keep the wedge on the slide.
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b. Insert slide with wedge into the receiving siot at base of "hot block". Immediately place tip of a
micropipet containing ca. 250 UL acetone (use the minimum volume needed to consistently
clear the filter sections) into the inlet port of the PTFE cap on top of the "hot block” and inject
the acetone into the vaporization chamber with a slow, steady pressure on the plunger button
while holding pipet firmly in place. After waiting 3 to 5 sec for the filter to clear, remove pipet
and slide from their ports.

CAUTION: Although the volume of acetone used is small, use safety precautions. Work in a
well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the
acetone. Continuous use of this device in an unventilated space may produce
explosive acetone vapor concentrations.

c. Using the 5-UL micropipet, immediately place 3.0 to 3.5 {L triacetin on the wedge. Gently

- lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid
excess pressure and movement of the cover glass.

NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover slip may
become detached within a few hours. If excessive triacetin remains at the edge of the
filter under the cover slip, fiber migration may occur.

Mark the outline of the filter segment with a glass marking pen to aid in microscopic evaluation.

e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12]. Counting may
proceed immediately after clearing and mounting are compieted.

NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for up to 15

min to hasten clearing. Heat carefully to prevent gas bubble formation.

a

CALIBRATION AND QUALITY CONTROL:

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use the
telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer to ensure
that the phase rings (annular diaphragm and phase-shifting elements) are concentric. With each
microscope, keep a logbook in which to record the dates of microscope cleanings and major
servicing. '

a. Each time a sample is examined, do the following:

(1) Adjust the light source for even illumination across the field of view at the condenser iris.
Use Kohler illumination, if available. With some microscopes, the illumination may have
to be set up with bright field optics rather than phase contract optics.

(2) Focus on the particulate material to be examined.

(3) Make sure that the field iris is in focus, centered on the sample, and open only enough to
fully iluminate the field of view.

b. Check the phase-shift detection limit of the microscope periodically for each analyst/microscope
combination:

(1) Center the HSE/NPL phase-contrast test slide under the phase objective.

(2) Bring the blocks of grooved lines into focus in the graticule area.

NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics must
completely resolve the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when
centered in the graticule area. Blocks 4 and 5 must be at least partially visible but
may vary slightly in visibility between microscopes. A microscope which fails to
meet these requirements has resofution either too low or too high for fiber
counting.

(3) If image quality deteriorates, clean the microscope optics. If the problem persists, consult
the microscope manufacturer.

11. Document the laboratory's precision for each counter for replicate fiber counts.

a. Maintain as part of the laboratory quality assurance program a set of reference slides to be used
on a daily basis [13]. These slides should consist of filter preparations including a range of
loadings and background dust levels from a variety of sources including both field and
reference samples (e.g., PAT, AAR, commercial samples). The Quality Assurance Officer
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should maintain custody of the reference slides and should supply each counter with a minimum .
of one reference slide per workday. Change the labels on the reference slides periodically so
that the counter does not become familiar with the samples.

b. From blind repeat counts on reference slides, estimate the laboratory intra- and intercounter
precision. Obtain separate values of relative standard deviation (S,) for each sample matrix
analyzed in each of the following ranges: 5 to 20 fibers in 100 graticule fields, >20 to 50 fibers
in 100 graticule fields, and >50 to 100 fibers in 100 graticule fields. Maintain control charts for
each of these data files.

NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor
precision [9]

12. ‘Prepare and count field blanks along with the field samples. Report counts on each field blank.
NOTE 1: The identity of blank filters should be unknown to the counter until all counts have been

completed.

NOTE 2. If afield blank yields greater than 7 fibers per 100 graticule fields, report possible

contamination of the samples.

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a person
other than the counter). Use the following test to determine whether a pair of counts by the same
counter on the same filter should be rejected because of possible bias: Discard the sample if the
absolute value of the difference between the square roots of the two counts (in fiber/mm?) exceeds

277 (X)S'r, where X = average of the square roots of the two fiber counts
A - )
(in fiber/fmm?) and S,= —55 , where S, is the intracounter relative standard deviation for the

appropriate count range (in fibers) determined in step 11. For more compiete discussions see

reference [13].

NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be
described by a Poisson distribution, a square root transformation of the fiber count data
will result in approximately normally distributed data [13].

NOTE 2: If a pair of counts is rejected by this test, recount the remaining samples in the set and
test the new counts against the first counts. Discard all rejected paired counts. It is not
necessary to use this statistic on blank counts.

14. The analyst is a critical part of this analytical procedure. Care must be taken to provide a non-
stressful and comfortable environment for fiber counting. An ergonomically designed chair should
be used, with the microscope eyepiece situated at a comfortable height for viewing. External
lighting should be set at a level similar to the illumination level in the microscope to reduce eye
fatigue. In addition, counters should take 10-t0-20 minute breaks from the microscope every one
or two hours to limit fatigue [14]. During these breaks, both eye and upper back/neck exercises
should be performed to relieve strain.

15. All laboratories engaged in asbestos counting should participate ina proficiency testing program
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and routinely
exchange field samples with other laboratories to compare perfermance of counters.

MEASUREMENT:

16. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the
microscope on the plane of the filter.
17. Adjust the microscope (Step 10).
NOTE: Calibration with the HSE/NPL test slide determines the minimum detectable fiber diameter
{ca. 0.25 um) [4].
18. Counting rules: (same as P&CAM 239 rules [1,10,11]: see examples in APPENDIX B).
a. Count any fiber longer than & um which lies entirely within the graticule area.
(1) Count only fibers longer than 5 pym. Measure iength of curved fibers along the curve.
(2) Count only fibers with a length-to-width ratio equal to or greater than 3:1.
b. For fibers which cross the boundary of the graticule field:
(1} Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that
the fiber meets the criteria of rule a above.
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(2) Do not count any fiber which crosses the graticule boundary more than once.
(3) Reject and do not count all other fibers.

c. Count bundles of fibers as one fiber unless individual fibers can be identified by observing both

ends of a fiber.

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100

graticule fields regardiess of count.

19. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge.
Shift up or down on the filter, and continue in the reverse direction. Select graticule fields
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. Ensure
that, as a minimum, each analysis covers one radial line from the filter center to the outer edge of
the filter. When an agglomerate or bubble covers ca. 1/6 or more of the graticule field, reject the
graticule field and select another. Do not report rejected graticule fields in the total number
counted.

NOTE 1: When counting a graticule field, continucusly scan a range of focal planes by moving
the fine focus knob to detect very fine fibers which have become embedded in the filter.
The small-diameter fibers will be very faint but are an important contribution to the total
count. A minimum counting time of 15 seconds per field is appropriate for accurate
counting.

NOTE 2: This method does not allow for differentiation of fibers based on morphology. Although
some experienced counters are capable of selectively counting only fibers which
appear to be asbestiform, there is presently no accepted method for ensuring uniformity
of judgment between laboratories. 1t is, therefore, incumbent upon all laboratories using
this method to report total fiber counts. [f serious contamination from non-asbestos
fibers occurs in samples, other techniques such as transmission electron microscopy
must be used to identify the asbestos fiber fraction present in the sample (see NIOSH
Method 7402). In some cases (i.e., for fibers with diameters >1 pm), polarized light
microscopy (as in NIOSH Method 7403) may be used to identify and eliminate
interfering non-crystalline fibers {15].

NOTE 3: Do not count at edges where filter was cut. Move in at least 1 mm from the edge.

NOTE 4: Under certain conditions, electrostatic charge may affect the sampling of fibers. These
electrostatic effects are most likely to occur when the relative humidity is low (below
20%), and when sampling is performed near the source of aerosol. The resuit is that
deposition of fibers on the filter is reduced, especially near the edge of the filter. If such
a pattern is noted during fiber counting, choose fields as close to the center of the filter
as possible [5].

NOTE 5: Counts are to be recorded on a data sheet that provides, as a minimum, spaces on
which to record the counts for each field, filter identification number, analyst's name,
date, total fibers counted, total fields counted, average count, fiber density, and
commentary. Average count is calculated by dividing the total fiber count by the
number of fields observed. Fiber density (fibers/mm?) is defined as the average count
{fibers/field) divided by the field (graticule) area (mm?/field).

CALCULATIONS AND REPORTING OF RESULTS

20. Calculate and report fiber density on the filter, E (fibers/mm?), by dividing the average fiber count
per graticule field, F/n;, minus the mean field blank count per graticule field, 8/n,, by the graticule
field area, A; (approx. 0.00785 mm?):

F

n,

B,

E = , fibers/imm?2,

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



21.

22.

ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 2, dated 15 August 1994 - Page 8 of 15

NOTE: Fiber counts above 1300 fibers/mm? and fiber counts from samples with >50% of filter
area covered with particulate should be reported as "uncountable” or "probably biased.”
Other fiber counts outside the 100-1300 fiber/mm? range should be reported as having
"greater than optimal variability” and as being "probably biased."

Calculate and report the concentration, C (fibers/cc), of fibers in the air volume sampled, V (L),
using the effective collection area of the filter, A, (approx. 385 mm? for a 25-mm filter):

c. (EXA)
V- 10

NOTE: Periodically check and adjust the value of A, if necessary.

Report intralaboratory and interlaboratory relative standard deviations (from Step 11) with each set

of results.

NOTE: Precision depends on the total number of fibers counted [1,16]. Relative standard
deviation is documented in references [1,15-17] for fiber counts up to 100 fibers in 100
graticule fields. Comparability of interlaboratory results is discussed below. As a first
approximation, use 213% above and 49% below the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. 1).

EVALUATION OF METHOD:

A. This method is a revision of P&CAM 239 [10]. A summary of the revisions is as follows:
. 1. Sampling:

The change from a 37-mm to a 25-mm filter improves sensitivity for similar air volumes. The

change in flow rates allows for 2-m?® full-shift samples to be taken, providing that the filter is not

overtoaded with non-fibrous particulates. The collection efficiency of the sampler is not a function

of flow rate in the range 0.5 to 16 L/min [10].

Sample Preparation Technique:

The acetone vapor-triacetin preparation technique is a faster, more permanent mounting

technique than the dimethyl phthalate/diethyi oxalate method of P&CAM 239 [2,4,10]. The

aluminum "hot block" technique minimizes the amount of acetone needed to prepare each

sample.

Measurement:

a. The Walton-Beckett graticule standardizes the area observed [14,18,19].

b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber diameter [4,14].

c. Because of past inaccuracies associated with low fiber counts, the minimum recommended
loading has been increased to 100 fibers/mm? filter area (a total of 78.5 fibers counted in 100
fields, each with field area = .00785 mm?2.) Lower levels generally result in an overestimate of
the fiber count when compared to results in the recommended analytical range {20]. The
recommended loadings should yield intracounter S, in the range of 0.10 to 0.17 [21,22,23].

B. interiaboratory comparability:
An international collaborative study involved 16 laboratories using prepared slides from the
asbestos cement, milling, mining, textile, and friction material industries [9]. The relative standard
deviations (S,) varied with sample type and laboratory. The ranges were:
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Intralaboratory S, Interlaboratory S, Overall S,
AlA (NIOSH A Rules)* 0.12 t0 0.40 0.27 to 0.85 0.46
Modified CRS (NIOSH B Rules)** 0.11t00.29 0.20t0 0.35 0.25

* Under AlA rules, only fibers having a diameter less than 3 Um are counted and fibers attached to
particles larger than 3 Um are not counted. NIOSH A Rules are otherwise similar to the AlA rules.

** See Appendix C.

A NIOSH study conducted using field samples of asbestos gave intralabaratory S, in the range 0.17 to
0.25 and an interlaboratory S, of 0.45 [21). This agrees well with other recent studies [9,14,16].

At this time, there is no independent means for assessing the overall accuracy of this method. One
measure of reliability is to estimate how well the count for a single sample agrees with the mean count
from a large number of laboratories. The following discussion indicates how this estimation can be
carried out based on measurements of the interlaboratory variability, as well as showing how the results
of this method relate to the theoretically attainable counting precision and to measured intra- and
interlaboratory S,. (NOTE: The following discussion does not include bias estimates and should not be
taken to indicated that lightly loaded samples are as accurate as properly loaded ones).

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter surface will give an
S, that depends on the number, N, of fibers counted:

S, = (N )" (1)

Thus S, is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual S, found in a number of studies is
greater than these theoretical numbers [17,19,20,21].

An additional component of variability comes primarily from subjective interlaboratory differences. ina
study of ten counters in a continuing sample exchange program, Ogden [15] found this subjective
component of intralaboratory S, to be approximately 0.2 and estimated the overall S, by the term:

. 1r2
[N+(o.: N)Y1] (2)

Ogden found that the 80% confidence interval of the individual intralaboratory counts in relation to the
means were +2 S, and - 1.5 S,. In this program, one sample out of ten was a quality control sample. For
laboratories not engaged in an intensive quality assurance program, the subjective component of
variability can be higher.

In a study of field sample results in 46 laboratories, the Asbestos Information Association also found that
the variability had both a constant component and one that depended on the fiber count [14]. These
results gave a subjective interlaboratory component of S, (on the same basis as Ogden's) for field
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples
[21]. This value falls slightly above the range of S, (0.25 to 0.42 for 1984-85) found for 80 reference
laboratories in the NIOSH PAT program for laboratory-generated samples [17].

A number of factors influence S, for a given laboratory, such as that laboratory's actual counting
performance and the type of samples being analyzed. In the absence of other information, such as from
an interlaboratory quality assurance program using field samples, the value for the subjective component
of variability is chosen as 0.45. it is hoped that the laboratories will carry out the recommended
interlaboratory quality assurance programs to improve their performance and thus reduce the S,.
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The above relative standard deviations apply when the population mean has been determined. It is
more useful, however, for laboratories to estimate the 90% confidence interval on the mean count from a
single sample fiber count (Figure 1). These curves assume similar shapes of the count distribution for
interlaboratory and intralaboratory results (16].

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory
count will fall within the range of 227% above and 52% below that value 90% of the time. We can apply
these percentages directly to the air concentrations as well. If, for instance, this sample (24 fibers
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100
fields counted, 25-mm filter, 0.00785 mm? counting field area). If this same sample were counted by a
group of laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08 fiber/mL.
These limits should be reported in any comparison of results between laboratories. "

Note that the S, of 0.45 used to derive Figure 1 is used as an estimate for a random group of
laboratories. If several laboratories belonging to a quality assurance group can show that their
interlaboratory S, is smaller, then it is more correct to use that smaller S,. However, the estimated S, of
0.45 is to be used in the absence of such information. Note also that it has been found that S, can be
higher for certain types of samples, such as asbestos cement [9].

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a
regulatory standard. For instance, if one is trying to show compliance with an 0.5 fiber/mL standard
using a single sample on which 100 fibers have been counted, then Figure 1 indicates that the 0.5
fiber/mL standard must be 213% higher than the measured air concentration. This indicates that if one
measures a fiber concentration of 0.16 fiber/mL (100 fibers counted), then the mean fiber count by a
group of laboratories (of which the compliance laboratory might be one) has a 95% chance of being less
than 0.5 fibers/mlL; i.e., 0.16 + 2.13 x 0.16 = 0.5.

It can be seen from Figure 1 that the Poisson compaonent of the variability is not very important unless
the number of fibers counted is small. Therefore, a further approximation is to simply use +213% and
-49% as the upper and lower confidence values of the mean for a 100-fiber count.

500 -
90% CONFIDENCE INTERVAL ON MEAN COUNT
(SUBJECTIVE COMPONENT (0.45) +
400 !! POISSON COMPONENT)

300

200 -

Percent Relative to Single Sample Count

11 R PP
0 $ + { t + + + t : {

)] 10 20 30 40 50 60 70 80 90 100
woo L) 95%PROBABILITY MEAN COUNT

IS ABOVE THIS LEVEL

NUMBER OF FIBERS COUNTED IN A SINGLE SAMPLE

Figure 1. Interlaboratory Precision of Fiber Counts
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The curves in Figures 1 are defined by the following equations:

UCL =2 X + 225 + [(225 + 2 X)? - 4 (1 - 225 82) X**
2(1-~22582

LCL=2X+4-[4+2X)P-4(1-482)x2"?

2(1-48%)

where S, = subjective interlaboratory relative standard deviation, which is close to the total
interlaboratory S, when approximately 100 fibers are counted.
X = total fibers counted on sample
LCL = lower 95% confidence limit.
UCL = upper 95% confidence limit.
Note that the range between these two limits represents 90% of the total range.
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METHOD WRITTEN BY:

Paul A. Baron, Ph.D., NIOSH/DPSE.

APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE:

Before ordéring the Walton-Beckett graticule, the following calibration must be done to obtain a counting
area (D) 100 ym in diameter at the image plane. The diameter, d, (mm), of the circular counting area
and the disc diameter must be specified when.ordering the graticule.

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and
clear.

. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so
that the magnification remains constant.

. Install the 40 to 45X phase objective.

. Place a stage micrometer on the microscope object stage and focus the microscope on the graduated
lines.

. Measure the magnified grid length of the graticule, L, (um), using the stage micrometer.

. Remove the graticule from the microscope and measure its actual grid length, L, (mm). This can
best be accomplished by using a stage fitted with verniers.

. Calculate the circle diameter, d, (mmy), for the W alton-Beckett: graticule:

N

[N AW

~J
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L
d = 2xD. ' (5)
[ L°
Example: fL,=112pum, L,=4.5mmand D =100 um, then d. = 4.02 mm.
8. Check the field diameter, D (acceptable range 100 gm + 2 pm) with a stage micrometer upon

receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754
mm? to 0.00817 mm?).

APPENDIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed
as they apply to the labeled objects in the figure.

. 20
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Figure 2. Walton-Beckett graticule with fibers.
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These rules are sometimes referred to as the "A" rules.

FIBER COUNT
Object Count
1 1 fiber
2 2 fiber
3 1 fiber
4 1 fiber
5 Do not
count
6 1 fiber
7 1/2 fiber
8 Do not
count
9 Do not
count

DISCUSSION

Optically observable asbestos fibers are actually bundles of fine fibrils.
If the fibrils seem to be from the same bundle the object is counted as a
single fiber. Note, however, that all objects meeting length and aspect
ratio criteria are counted whether or not they appear to be asbestos.

If fibers meeting the length and aspect ratio criteria (length >5 m and
length-to-width ratio >3 to 1) overlap, but do not seem to be part of the
same bundie, they are counted as separate fibers.

Although the object has a relatively large diameter (>3 um), it is counted
as fiber under the rules. There is no upper limit on the fiber diameter in
the counting rules. Note that fiber width is measured at the widest
compact section of the object.

Although long fine fibrils may extend from the body of a fiber, these
fibrils are considered part of the fiber if they seem to have originally
been part of the bundle.

If the object is <5 um long, it is not counted.

A fiber partially obscured by a particle is counted as one fiber. If the
fiber ends emanating from a particle do not seem to be from the same
fiber and each end meets the length and aspect ratio criteria, they are

counted as separate fibers.

A fiber which crosses into the graticule area one time is counted as 1/2
fiber.

Ignore fibers that cross the graticulate boundary more than once.
count

Ignore fibers that lie outside the graticule boundary.
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types,
such as fibrous glass. These include the "B" rules given below (from NIOSH Method 7400, Revision #2,
dated 8/15/87), the World Health Organization reference method for man-made mineral fiber [24], and
the NIOSH fibrous glass criteria document method [25]. The upper diameter limit in these methods
prevents measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included
in these methods vary. NIOSH recommends the use of the 3:1 aspect ratio in counting fibers.

It is emphasized that hybridization of different sets of counting rules is not permitted. Report specifically
which set of counting rules are used with the analytical results.

"B" COUNTING RULES:

1. Count only ends of fibers. Each fiber must be longer than 5 um and less than 3 um diameter.

2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.

3. Count each fiber end which falls within the graticule area as one end, provided that the fiber meets
rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets
the criteria of rules 1 and 2 above.

4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by
another particle if the particle covering the fiber end is less than 3 um in diameter.

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5
fibers), provided that each segment meets rules 1 and 2 above.

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at
100 graticule fields, regardless of count.

7. Divide total end count by 2 to yield fiber count.

APPENDIX D. EQUIVALENT LIMITS OF DETECTION AND QUANTITATION

fiber density on filter* fiber concentration in air, f/cc
fibers 400-L air 1000-L air
per 100 fields fibers/mm? sample sample
200 255 0.25 0.10
100 127 0.125 0.05
LOQ -80 102 - 0.10 0.04
50 64 0.0625 0.025
25 32 0.03 0.0125
20 25 0.025 0.010
10 12.7 0.0125 0.005
8 10.2 0.010 0.004
LOD 5.5 7 0.00875 0.0027

* Assumes 385 mm? effective filter collection area, and field area = 0.00785 mm?, for relatively "clean'
(little particulate aside from fibers) filters.

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



Environmental Protection Agency

contaminated surface used in the vali-
dation study. Record and keep the re-
sults of the validation study as an ap-
pendix to the SOP. Include in this ap-
pendix, the solvent used to make the
spiking solution, the PCB concentra-
tion of the spiking solution used to
contaminate the surfaces in the valida-
tion study, and all of the validation
study testing parameters and experi-
mental conditions.
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§763.80 Scope and purpose.

(a) This rule requires local education
agencies to identify friable and nonfri-
able asbestos-containing material
(ACM) in public and private elemen-
tary and secondary schools by visually
inspecting school buildings for such
materials, sampling such materials if
they are not assumed to be ACM, and
having samples analyzed by appro-
priate techniques referred to in this
rule. The rule requires local education
agencies to submit management plans
to the Governor of their State by Octo-
ber 12, 1988, begin to implement the
plans by July 9, 1989, and complete im-
plementation of the plans in a timely
fashion. In addition, local education
agencies are required to use persons
who have been accredited to conduct
inspections, reinspections, develop
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management plans, or perform re-
sponse actions. The rule also includes
recordkeeping requirements. Local
education agencies may contractually
delegate their duties under this rule,
but they remain responsible for the
proper performance of those duties.
Local education agencies are encour-
aged to consult with EPA Regional As-
bestos Coordinators, or if applicable, a
State’s lead agency designated by the
State Governor, for assistance in com-
plying with this rule.

(b) Local education agencies must
provide for the transportation and dis-
posal of asbestos in accordance with
EPA’'s ‘‘Asbestos Waste Management
Guidance.” For convenience, applicable
sections of this guidance are reprinted
as Appendix D of this subpart. There
are regulations in place, however, that
affect transportation and disposal of
asbestos waste generated by this rule.
The transportation of asbestos waste is
covered by the Department of Trans-
portation (49 CFR part 173, subpart J)
and disposal is covered by the National
Emissions Standards for Hazardous Air
Pollutants (NESHAP) (40 CFR part 61,
subpart M).

§763.83 Definitions.

For purposes of this subpart:

Act means the Toxic Substances Con-
trol Act (TSCA), 15 U.S.C. 2601, et seq.

Accessible when referring to ACM
means that the material is subject to
disturbance by school building occu-
pants or custodial or maintenance per-
sonnel in the course of their normal ac-
tivities. : :

Accredited or accreditation when refer-
ring to a person or laboratory means
that such person or laboratory is ac-
credited in accordance with section 206
of Title II of the Act.

Air erosion means the passage of air
over friable ACBM which may result in
the release of asbestos fibers.

Asbestos means the asbestiform vari-
eties of: Chrysotile (serpentine); cro-
cidolite (riebeckite); amosite (cum-
mingtonitegrunerite); anthophyllite;
tremolite; and actinolite.

Asbestos-containing material (ACM)
when referring to school buildings
means any material or product which
contains more than 1 percent asbestos.

40 CFR Ch. | (7-1-99 Edition)

Asbestos-containing building material
(ACBM) means surfacing ACM, thermal
system insulation ACM, or miscella-
neous ACM that is found in or on inte-
rior structural members or other parts
of a school building.

Asbestos debris means pieces of ACBM
that can be identified by color, texture,
or composition, or means dust, if the
dust is determined by an accredited in-
spector to be ACM.

Damaged friable miscellaneous ACM
means friable miscellaneous ACM
which has deteriorated or sustained
physical injury such that the internal
structure (cohesion) of the material is
inadequate or, if applicable, which has
delaminated such that its bond to the
substrate (adhesion) is inadequate or
which for any other reason lacks fiber
cohesion or adhesion qualities. Such
damage or deterioration may be illus-
trated by the separation of ACM into
layers; separation of ACM from the
substrate; flaking, blistering, or crum-
bling of the ACM surface; water dam-
age: significant or repeated water
stains, scrapes, gouges, mars or other
signs of physical injury on the ACM.
Asbestos debris originating from the
ACBM in question may also indicate
damage.

Damaged friable surfacing ACM means
friable surfacing ACM which has dete-
riorated or sustained physical injury
such that the internal structure (cohe-
sion) of the material is inadequate or
which has delaminated such that its
bond to the substrate (adhesion) is in-
adequate, or which, for any other rea-
son, lacks fiber cohesion or adhesion
qualities. Such damage or deteriora-
tion may be illustrated by the separa-
tion of ACM into layers; separation of
ACM from the substrate; flaking, blis-
tering, or crumbling of the ACM sur-
face: water damage; significant or re-
peated water stains, scrapes, gouges,
mars or other signs of physical injury
on the ACM. Asbestos debris origi-
nating from the ACBM in question may
also indicate damage.

Damaged or significantly damaged ther-
mal system insulation ACM means ther-
mal system insulation ACM on pipes,
boilers, tanks, ducts, and other ther-
mal system insulation equipment
where the insulation has lost its struc-
tural integrity, or its covering, in
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whole or in part, is crushed, water-
stained, gouged, punctured, missing, or
not intact such that it is not able to
contain fibers. Damage may be further
illustrated by occasional punctures,
gouges or other signs of physical injury
to ACM; occasional water damage on
the protective coverings/jackets; or ex-
posed ACM ends or joints. Asbestos de-
bris originating from the ACBM in
question may also indicate damage.

Encapsulation means the treatment of
ACBM with a material that surrounds
or embeds asbestos fibers in an adhe-
sive matrix to prevent the release of fi-
bers, as the encapsulant creates a
membrane over the surface (bridging
encapsulant) or penetrates the mate-
rial and binds its components together
{penetrating encapsulant). )

Enclosure means an airtight, imper-
meable, permanent barrier around
ACBM to prevent the release of asbes-
tos fibers into the air.

Fiber release episode means any un-
controlled or unintentional disturb-
ance of ACBM resulting in visible emis-
sion.

Friable when referring to material in
a school building means that the mate-
rial, when dry, may be crumbled, pul-
verized, or reduced to powder by hand
pressure, and includes previously non-
friable material after such previously
nonfriable material becomes damaged
to the extent that when dry it may be
crumbled, pulverized, or reduced to
powder by hand pressure.

Functional space means a room, group
of rooms, or homogeneous area (includ-
ing crawl spaces or the space between a
dropped ceiling and the floor or roof
deck above), such as classroom(s). a
cafeteria, gymnasium, hallway(s), des-
ignated by a person accredited to pre-
pare management plans, design abate-
ment projects, or conduct response ac-
tions. .

High-efficiency particulate air (HEPA)
refers to a filtering system capable of
trapping and retaining at least 99.97
percent of all monodispersed particles
0.3 um in diameter or larger.

Homogeneous area means an area of
surfacing material, thermal system in-
sulation material, or miscellaneous
material that is uniform in color and
texture.

Local education agency means:

§763.83

(1) Any local educational agency as
defined in section 198 of the Elemen-
tary and Secondary Education Act of
1965 (20 U.S.C. 3381).

(2) The owner of any nonpublic, non-
profit elementary, or secondary school
building.

(3) The governing authority of any
school operated under the defense de-
pendent’s education system provided
for under the Defense Dependents’ Edu-
cation Act of 1978 (20 U.S.C. 921, et
seq.).

Miscellaneous ACM means miscella-
neous material that is ACM in a school
building.

Miscellaneous material means interior
building material on structural compo-
nents, structural members or fixtures,
such as floor and ceiling tiles, and does
not include surfacing material or ther-
mal system insulation.

Nonfriable means material in a school
building which when dry may not be
crumbled, pulverized, or reduced to
powder by hand pressure. ’

Operations and maintenance program
means a program of work practices to
maintain friable ACBM in good condi-
tion, ensure clean up of asbestos fibers
previously released, and prevent fur-
ther release by minimizing and con-
trolling friable ACBM disturbance or
damage.

Potential damage
cumstances in which:

(1} Friable ACBM is in an area regu-
larly used by building occupants, in-
cluding maintenance personnel, in the
course of their normal activities.

(2) There are indications that there is
a reasonable likelihood that the mate-
rial or its covering will become dam-
aged, deteriorated, or delaminated due
to factors such as changes in building
use, changes in operations and mainte-
nance practices, changes in occupancy,
or recurrent damage.

Potential significant damage means
circumstances in which:

(1) Friable ACBM is in an area regu-
larly used by building occupants, in-
cluding maintenance personnel, in the
course of their normal activities.

(2) There are indications that there is
a reasonable likelihood that the mate-
rial or its covering will become signifi-
cantly damaged, deteriorated, or
delaminated due to factors such as

means cir-
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changes in building use, changes in op-
erations and maintenance practices,
changes in occupancy, or recurrent
damage.

(3) The material is subject to major
or continuing disturbance, due to fac-
tors including, but not limited to, ac-
cessibility or, under certain cir-
cumstances, vibration or air erosion.

Preventive measures means actions
taken to reduce disturbance of ACBM
or otherwise eliminate the reasonable
likelihood of the material’s becoming
damaged or significantly damaged.

Removal means the taking out or the
stripping of substantially all ACBM
from a damaged area, a functional
space, or a homogeneous area in a
school building.

Repair means returning damaged
ACBM to an undamaged condition or to
an intact state so as to prevent fiber
release.

Response action means a method, in-
cluding removal, encapsulation, enclo-
sure, repair, operations and mainte-
nance, that protects human health and
the environment from friable ACBM.

Routine maintenance area means an
area, such as a boiler room or mechan-
ical room, that is not normally fre-
quented by students and in which
maintenance employees or contract
workers regularly conduct mainte-
nance activities.

Schoo! means any elementary or sec-
ondary school as defined in section 198
of the Elementary and Secondary Edu-
cation Act of 1965 (20 U.S.C. 2854).

School building means:

(1) Any structure suitable for use as a
classroom, including a school facility
such as a laboratory, library, school
eating facility, or facility used for the
preparation of food.

(2) Any gymnasium or other facility
which is specially designed for athletic
or recreational activities for an aca-
demic course in physical education.

(3) Any other facility used for the in-
struction or housing of students or for
the administration of educational or
research programs.

(4) Any maintenance, storage, or util-
ity facility, including any hallway. es-
sential to the operation of any facility
described in this definition of ‘‘school
bx;ilding“ under paragraphs (1), (2), or
3.

40 CFR Ch. | (7-1-99 Edition)

(5) Any portico or covered exterior
hallway or walkway. :

(6) Any exterior portion of a mechan-
ical system used to condition interior
space.

Significantly damaged friable miscella-
neous ACM means damaged friable mis-
cellaneous ACM where the damage is
extensive and severe.

Significantly damaged friable surfacing
ACM means damaged friable surfacing
ACM in a functional space where the
damage is extensive and severe.

State means a State, the District of
Columbia, the Commonwealth of Puer-
to Rico, Guam, American Samoa, the
Northern Marianas, the Trust Terri-
tory of the Pacific Islands, and the Vir-
gin Islands.

Surfacing ACM means surfacing mate-
rial that is ACM.

Surfacing material means material in
a school building that is sprayed-on,
troweled-on, or otherwise applied to
surfaces, such as acoustical plaster on
ceilings and fireproofing materials on
structural members, or other materials
on surfaces for acoustical, fireproofing,
or other purposes.

Thermal system insulation means ma-
terial in a school building applied to
pipes, fittings. boilers, breeching,
tanks, ducts, or other interior struc-
tural components to prevent heat loss
or gain, or water condensation, or for
other purposes.

Thermal system insulation ACM means
thermal system insulation that is
ACM.

Vibration means the periodic motion
of friable ACBM which may result in
the release of asbestos fibers.

§763.84 General local education agen-
cy responsibilities.

Each local education agency shall:

(a) Ensure that the activities of any
persons who perform inspections, re-
inspections, and periodic surveillance,
develop and update management plans,
and develop and implement response
actions, including operations and
maintenance, are carried out in accord-
ance with subpart E of this part.

{b) Ensure that all custodial and
maintenance employees are properly
trained as required by this subpart E
and other applicable Federal and/or
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State regulations (e.g., the Occupa-
tional Safety and Health Administra-
tion asbestos standard for construc-
tion, the EPA worker protection rule,
or applicable State regulations).

{c}) Ensure that workers and building
occupants, or their legal guardians, are
informed at least once each school year
about inspections, response actions,
and post-response action activities, in-
cluding periodic reinspection and sur-
veillance activities that are planned or
in progress.

(d) Ensure that short-term workers
(e.g., telephone repair workers, utility
workers, or exterminators) who may
come in contact with asbestos in a
school are provided information re-
garding the locations of ACBM and sus-
pected ACBM assumed to be ACM.

(e) Ensure that warning labels are
posted in accordance with §763.95.

(f) Ensure that management plans
are available for inspection and notifi-
cation of such availability has been
provided as specified in the manage-
ment plan under §763.93(g).

(2)(1) Designate a person to ensure
that requirements under this section
are properly implemented.

(2) Ensure that the designated person
receives adequate training to perform
duties assigned under this section.
Such training shall provide, as nec-
essary, basic knowledge of:

(i) Health effects of asbestos.

(ii) Detection, identification, and as-
sessment of ACM.

(iii) Options for controlling ACBM.

(iv) Asbestos management programs.

(v) Relevant Federal and State regu-
lations concerning asbestos. including
those in this subpart E and those of the
Occupational Safety and Health Ad-
ministration, U.S. Department of
Labor, the U.S. Department of Trans-
portation and the U.S. Environmental
Protection Agency.

(h) Consider whether any conflict of
interest may arise from the inter-
relationship among accredited per-
sonnel and whether that should influ-
ence the selection of accredited per-
sonnel to perform activities under this
subpart.

§763.85 Inspection and reinspections.

(a) Inspection. (1} Except as provided
in paragraph (a)(2) of this section, be-

§763.85

fore October 12, 1988, local education
agencies shall inspect each school
building that they lease, own, or other-
wise use as a school building to iden-
tify all locations of friable and nonfri-
able ACBM.

(2) Any building leased or acquired on
or after October 12, 1988, that is to be
used as a school building shall be in-
spected as described under paragraphs
(a) (3) and (4) of this section prior to
use as a school building. In the event
that emergency use of an uninspected
building as a school building is neces-
sitated, such buildings shall be in-
spected within 30 days after commence-
ment of such use.

(3) Each inspection shall be made by
an accredited inspector.

(4) For each area of a school building,
except as excluded under §763.99, each
person performing an inspection shall:

(i) Visually inspect the area to iden-
tify the locations of all suspected
ACBM.

(i) Touch all suspected ACBM to de-
termine whether they are friable.

(iii} Identify all homogeneous areas
of friable suspected ACBM and all ho-
mogeneous areas of nonfriable sus-
pected ACBM.

(iv) Assume that some or all of the
homogeneous areas are ACM, and. for
each homogeneous area that is not as-
sumed to be ACM, collect and submit
for analysis bulk samples under
§§763.86 and 763.87.

(v} Assess, under §763.88, friable ma-
terial in areas where samples are col-
lected, friable material in areas that
are assumed to be ACBM, and friable
ACBM identified during a previous in-
spection.

{vi) Record the following and submit
to the person designated under §763.84
a copy of such record for inclusion in
the management plan within 30 days of
the inspection:

(A) An inspection report with the
date of the inspection signed by each
accredited person making the inspec-
tion, State of accreditation, and if ap-
plicable, his or her accreditation num-
ber.

(B) An inventory of the locations of
the homogeneous areas where samples
are collected, exact location where
each bulk sample is collected, dates
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that samples are collected, homo-
geneous areas where friable suspected
ACBM is assumed to be ACM, and ho-
mogeneous areas where nonfriable sus-
pected ACBM is assumed to be ACM.

(C) A description of the manner used
to determine sampling locations, the
name and signature of each accredited
inspector who collected the samples,
State of accreditation, and, if applica-
ble, his or her accreditation number.

(D) A list of whether the homo-
geneous areas identified under para-
graph (a)(#)(vi)(B) of this section, are
surfacing material, thermal system in-
sulation, or miscellaneous material.

(E) Assessments made of friable ma-
terial, the name and signature of each
accredited inspector making the as-
sessment, State of accreditation, and if
applicable, his or her accreditation
number.

(b) Reinspection. (1) At least once
every 3 years after a management plan
is in effect, each local education agen-
cy shall conduct a reinspection of all
friable and nonfriable known or as-
sumed ACBM in each school building
that they lease, own, or otherwise use
as a school building.

(2) Each inspection shall be made by
an accredited inspector.

(3) For each area of a school building,
each person performing a reinspection
shall:

(i) Visually reinspect, and reassess,
under §763.88, the condition of all fri-
able known or assumed ACBM.

(ii) Visually inspect material that
was previously considered nonfriable
ACBM and touch the material to deter-
mine whether it has become friable
since the last inspection or reinspec-
tion.

(iii) Identify any homogeneous areas
with material that has become friable
since the last inspection or reinspec-
tion.

(iv) For each homogeneous area of
newly friable material that is already
assumed to be ACBM, bulk samples
may be collected and submitted for
analysis in accordance with §§763.86
and 763.87.

(v) Assess, under §763.88, the condi-
tion of the newly friable material in
areas where samples are collected, and
newly friable materials in areas that
are assumed to be ACBM.

40 CFR Ch. I (7-1-99 Edition)

{(vi) Reassess, under §763.88, the con-
dition of friable known or assumed
ACBM previously identified.

(vii) Record the following and submit
to the person designated under §763.84
a copy of such record for inclusion in
the management plan within 30 days of
the reinspection:

(A) The date of the reinspection, the
name and signature of the person mak-
ing the reinspection, State of accredi-
tation, and if applicable, his or her ac-
creditation number, and any changes
in the condition of known or assumed
ACBM.

(B) The exact locations where sam-
ples are collected during the reinspec-
tion, a description of the manner used
to determine sampling locations, the
name and signature of each accredited
inspector who collected the samples,
State of accreditation, and, if applica-
ble, his or her accreditation number.

(C) Any assessments or reassess-
ments made of friable material, the
name and signature of the accredited
inspector making the assessments,
State of accreditation, and if applica-
ble, his or her accreditation number.

(c) General. Thermal system insula-
tion that has retained its structural in-
tegrity and that has an undamaged
protective jacket or wrap that prevents
fiber release shall be treated as nonfri-
able and therefore is subject only to
periodic surveillance and preventive
measures as necessary.

§763.86 Sampling.

(a) Surfacing material. An accredited
inspector shall collect, in a statis-
tically random manner that is rep-
resentative of the homogeneous area,
bulk samples from each homogeneous
area of friable surfacing material that
is not assumed to be ACM, and shall
collect the samples as follows:

(1) At least three bulk samples shall
be collected from each homogeneous
area that is 1,000 ft2 or less, except as
provided in §763.87(c)(2).

(2) At least five bulk samples shall be
collected from each homogeneous area
that is greater than 1,000 ft? but less
than or equal to 5,000 ft2, except as pro-
vided in §763.87(c)(2).

(3) At least seven bulk samples shall
be collected from each homogeneous
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area that is greater than 5,000 ft?, ex-
cept as provided in §763.87(c)(2).

(b) Therma! system insulation. (1) Ex-
cept as provided in paragraphs (b) (2)
through (4) of this section and
§763.87(c). an accredited inspector shall
collect, in a randomly distributed man-
ner, at least three bulk samples from
each homogeneous area of thermal sys-
tem insulation that is not assumed to
be ACM.

(2) Collect at least one bulk sample
from each homogeneous area of
patched thermal system insulation
that is not assumed to be ACM if the
patched section is less than 6 linear or
square feet.

(3) In a manner sufficient to deter-
mine whether the material is ACM or
not ACM, collect bulk samples from
each insulated mechanical system that
is not assumed to be ACM where ce-
ment or plaster is used on fittings such
as tees, elbows, or valves, except as
provided under §763.87(c}(2).

(4) Bulk samples are not required to
be collected from any homogeneous
area where the accredited inspector has
determined that the thermal system
insulation is fiberglass, foam glass,
rubber, or other non-ACBM.

(c) Miscellaneous material. In a man-
ner sufficient to determine whether
material is ACM or not ACM, an ac-
credited inspector shall collect bulk
samples from each homogeneous area
of friable miscellaneous material that
is not assumed to be ACM.

(d) Nonfriable suspected ACBM. If any
homogeneous area of nonfriable’ sus-
pected ACBM is not assumed to be
ACM, then an accredited inspector
shall collect, in a manner sufficient to
determine whether the material is
ACM or not ACM, bulk samples from
the homogeneous area of nonfriable
suspected ACBM that is not assumed to
be ACM.

§763.87 Analysis.

(a) Local education agencies shall
have bulk samples, collected under
§763.86 and submitted for analysis, ana-
lyzed for asbestos using laboratories
accredited by the National Bureau of
Standards (NBS). Local education
agencies shall use laboratories which
have received interim accreditation for
polarized light microscopy (PLM) anal-

§763.88

ysis under the EPA Interim Asbestos
Bulk Sample Analysis Quality Assur-
ance Program until the NBS PLM lab-
oratory accreditation program for PLM
is operational.

(b) Bulk samples shall not be compos-
ited for analysis and shall be analyzed
for asbestos content by PLM, using the
“Interim Method for the Determina-
tion of Asbestos in Bulk Insulation
Samples’” found at appendix E to sub-
part E of this part.

(©)(1) A homogeneous area is consid-
ered not to contain ACM only if the re-
sults of all samples required to be col-
lected from the area show asbestos in
amounts of 1 percent or less.

(2 A homogeneous area shall be de-
termined to contain ACM based on a
finding that the results of at least one
sample collected from that area shows
that asbestos is present in an amount
greater than 1 percent.

(d) The name and address of each lab-
oratory performing an analysis, the
date of analysis, and the name and sig-
nature of the person performing the
analysis shall be submitted to the per-
son designated under §763.84 for inclu-
sion into the management plan within
30 days of the analysis.

{52 FR 41846, Oct. 30, 1987, as amended at 60
FR 31922, June 19, 1995]

§763.88 Assessment.

(a)(1) For each inspection and rein-
spection conducted under §763.85 (a)
and (c) and previous inspections speci-
fied under §763.99, the local education
agency shall have an accredited inspec-
tor provide a written assessment of all
friable known or assumed ACBM in the
school building.

(2) Each accredited inspector pro-
viding a written assessment shall sign
and date the assessment, provide his or
her State of accreditation, and if appli-
cable, accreditation number, and sub-
mit a copy of the assessment to the
person designated under §763.84 for in-
clusion in the management plan within
30 days of the assessment.

(b) The inspector shall classify and
give reasons in the written assessment
for classifying the ACBM and suspected
ACBM assumed to be ACM in the
school building into one of the fol-
lowing categories:
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(1) Damaged or significantly dam-
aged thermal system insulation ACM.

(2) Damaged friable surfacing ACM.

(3) Significantly damaged friable sur-
facing ACM.

(4) Damaged or significantly dam-
aged friable miscellaneous ACM.

(5) ACBM with potential for damage.

(6) ACBM with potential for signifi-
cant damage.

(7} Any remaining friable ACBM or
friable suspected ACBM.

(c) Assessment may include the fol-
lowing considerations:

(1) Location and the amount of the
material, both in total quantity and as
a percentage of the functional space.

(2) Condition of the material, speci-
fying:

(i) Type of damage or significant
damage (e.g., flaking, blistering, water
damage, or other signs of physical
damage).

(i) Severity of damage (e.g.. major
flaking, severely torn jackets, as op-
posed to occasional flaking, minor
tears to jackets).

(iii) Extent or spread of damage over
large areas or large percentages of the
homogeneous area.

(3) Whether the material is acces-
sible.

{4) The material's potential for dis-
turbance. ‘

(5) Known or suspected causes of
damage or significant damage (e.g., air
erosion, vandalism, vibration, water).

(6) Preventive measures which might
eliminate the reasonable likelihood of
undamaged ACM from becoming sig-
nificantly damaged.

(d) The local education agency shall
select a person accredited to develop
management plans to review the re-
sults of each inspection, reinspection,
and assessment for the school building
and to conduct any other necessary ac-
tivities in order to recommend in writ-
ing to the local education agency ap-
propriate response actions. The accred-
ited person shall sign and date the rec-
ommendation, provide his or her State
of accreditation, and, if applicable, pro-
vide his or her accreditation number,
and submit a copy of the recommenda-
tion to the person designated under
§763.84 for inclusion in the manage-
ment plan.
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§763.90 Response actions.

(a) The local education agency shall
select and implement in a timely man-
ner the appropriate response actions in
this section consistent with the assess-
ment conducted in §763.88. The re-
sponse actions selected shall be suffi-
cient to protect human health and the
environment. The local education
agency may then select, from the re-
sponse actions which protect human
health and the environment, that ac-
tion which is the least burdensome
method. Nothing in this section shall
be construed to prohibit removal of
ACBM from a school building at any
time, should removal be the preferred
response action of the local education
agency.

(b} If damaged or significantly dam-
aged thermal system insulation ACM is
present in a building, the local edu-
cation agency shall:

(1) At least repair the damaged area.

(2) Remove the damaged material if
it is not feasible, due to technological
factors, to repair the damage.

(3) Maintain all thermal system insu-
lation ACM and its covering in an in-
tact state and undamaged condition.

(c}(1) If damaged friable surfacing
ACM or damaged friable miscellaneous
ACM is present in a building, the local
education agency shall select from
among the following response actions:
encapsulation, enclosure, removal, or
repair of the damaged material.

(2) In selecting the response action
from among those which meet the defi-
nitional standards in §763.83, the local
education agency shall determine
which of these response actions pro-
tects human health and the environ-
ment. For purposes of determining
which of these response actions are the
least burdensome, the local education
agency may then consider local cir-
cumstances, including occupancy and
use patterns within the school build-
ing, and its economic concerns, includ-
ing short- and long-term costs.

(d) If significantly damaged friable
surfacing ACM or significantly dam-
aged friable miscellaneous ACM s
present in a building the local edu-
cation agency shall:

(1) Immediately isolate the func-
tional space and restrict access, unless
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isolation is not necessary to protect
human health and the environment.

(2) Remove the material in the func-
tional space or, deperiding upon wheth-
er enclosure or encapsulation would be
sufficient to protect human health and
the environment, enclose or encap-
sulate.

(e) If any friable surfacing ACM,
thermal system insulation ACM, or fri-
able miscellaneous ACM that has po-
tential for damage is present in a
building, the local education agency
shall at least implement an operations
and maintenance (O&M) program, as
described under §763.91.

() If any friable surfacing ACM, ther-
mal system insulation ACM, or friable
miscellaneous ACM that has potential
for significant damage is present in a
building, the local education agency
shall:

(1) Implement an O&M program, as
described under §763.91.

(2) Institute preventive measures ap-
propriate to eliminate the reasonable
likelihood that the ACM or its covering
will become significantly damaged, de-
teriorated, or delaminated.

(3) Remove the material as soon as
possible if appropriate preventive
measures cannot be effectively imple-
mented, or unless other response ac-
tions are determined to protect human
health and the environment. Imme-
diately isolate the area and restrict ac-
cess if necessary to avoid an imminent
and substantial endangerment to
human health or the environment.

(g) Response actions including re-
moval, encapsulation, enclosure, or re-
pair, other than small-scale, short-du-
ration repairs, shall be designed and
conducted by persons accredited to de-
sign and conduct response actions.

(h) The requirements of this subpart
E in no way supersede the worker pro-
tection and work practice require-
ments under 29 CFR 1926.58 (Occupa-
tional Safety and Health Administra-
tion (OSHA) asbestos worker protec-
tion standards for construction), 40
CFR part 763, subpart G (EPA asbestos
worker protection standards for public
employees), and 40 CFR part 61, sub-
part M (National Emission Standards
for Hazardous Air Pollutants—Asbes-
10s).
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(i) Completion of response actions. (1)
At the conclusion of any action to re-
move, encapsulate, or enclose ACBM or
material assumed to be ACBM, a per-
son designated by the local education
agency shall visually inspect each
functional space where such action was
conducted to determine whether the
action has been properly completed.

(2)(i) A person designated by the local
education agency shall collect air sam-
ples using aggressive sampling as de-
scribed in appendix A to this subpart E
to monitor air for clearance after each
removal, encapsulation, and enclosure
project involving ACBM, except for
projects that are of small-scale, short-
duration.

(ii) Local education agencies shall
have air samples collected under this
section analyzed for asbestos using lab-
oratories accredited by the National
Bureau of Standards to conduct such
analysis using transmission electron
microscopy (TEM) or, under cir-
cumstances permitted in this section,
laboratories enrolled in the American
Industrial Hygiene Association Pro-
ficiency Analytical Testing Program
for phase contrast microscopy (PCM).

(iii} Until the National Bureau of
Standards TEM laboratory accredita-
tion program is operational, local edu-
cational agencies shall use laboratories
that use the protocol described in ap-
pendix A to subpart E of this part.

(3) Except as provided in paragraphs
1)@), and (i)(5), of this section, an ac-
tion to remove, encapsulate, or enclose
ACBM shall be considered complete
when the average concentration of as-
bestos of five air samples collected
within the affected functional space
and analyzed by the TEM method in
appendix A of this subpart E, is not
statistically significantly different, as
determined by the Z-test calculation
found in appendix A of this subpart E,
from the average asbestos concentra-
tion of five air samples collected at the
same time outside the affected func-
tional space and analyzed in the same
manner, and the average asbestos con-
centration of the three field blanks de-
scribed in appendix A of this subpart E
is below the filter background level, as
defined in appendix A of this subpart E,
of 70 structures per square millimeter
(70 s/mm2).
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(4) An action may also be considered
complete if the volume of air drawn for
each of the five samples collected with-
in the affected functional space is
equal to or greater than 1,199 L of air
for a 25 mm filter or equal to or greater
than 2,798 L of air for a .37 mm filter,
and the average concentration of asbes-
tos as analyzed by the TEM method in
appendix A of this subpart E, for the
five air samples does not exceed the fil-
ter background level, as defined in ap-
pendix A, of 70 structures per square
millimeter (70 s/mm?. If the average
concentration of asbestos of the five
air samples within the affected func-
tional space exceeds 70 s/fmm?2, or if the
volume of air in each of the samples is
less than 1,189 L of air for a 25 mm fil-
ter or less than 2,798 L of air for a 37
mm filter, the action shall be consid-
ered complete only when the require-
ments of paragraph (1)(3) or (i)(5). of
this section are met.

(5) At any time, a local education
agency may analyze air monitoring
samples collected for clearance pur-
poses by phase contrast microscopy
(PCM) to confirm completion of re-
moval, encapsulation, or enclosure of
ACBM that is greater than small-scale,
short-duration and less than or equal
to 160 square feet or 260 linear feet. The
action shall be considered complete
when the results of samples collected
in the affected functional space and
analyzed by phase contrast microscopy
using the. Natijonal Institute for Occu-
pational Safety and Health (NIOSH)
Method 7400 entitled ‘'Fibers” pub-
lished in the NIOSH Manual of Analyt-
ical Methods, 3rd Edition, Second Sup-
plement, August 1987, show that the
concentration of fibers for each of the
five samples is less than or equal to a
limit of quantitation for PCM (0.01 fi-
bers per cubic centimeter (0.01 flcm3) of
air). The method is available for public
inspection at the Office of the Federal
Register, 800 North Capitol Street, NW,
Suite 700, Washington, DC, 20408, and
the Non-Confidential Information Cen-
ter (NCIC) (7407), Office of Pollution
Prevention and Toxics, U.S. Environ-
mental Protection Agency, Room B-607
NEM, 401 M Street, SW., Washington,
DC, 20460, between the hours of 12 p.m.
and 4 p.m. weekdays excluding legal
holidays. This incorporation by ref-
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erence was approved by the Director of
the Federal Register in accordance
with 5 U.S.C. 552(a) and 1 CFR part 51.
The method is incorporated as it exists
on the effective date of this rule, and a
notice of any change to the method
will be published in the FEDERAL REG-
ISTER.

(6) To determine the amount of
ACBM affected under paragraph (i)(5)
of this section, the local education
agency shall add the total square or
linear footage of ACBM within the con-
tainment barriers used to isolate the
functional space for the action to re-
move, encapsulate, or enclose the
ACBM. Contiguous portions of material
subject to such action conducted con-
currently or at approximately the
same time within the same school
building shall not be separated to qual-
ify under paragraph (i){5). of this sec-
tion.

{52 FR 41846, Oct. 30, 1987, as amended at 53
FR 12525, Apr. 15, 1988; 60 FR 31922, June 19,
1995; 60 FR 34465, July 3, 1995]

§763.91 Operations and maintenance.

(a) Applicability. The local education
agency shall implement an operations,
maintenance, and repair (O&M) pro-
gram under this section whenever any
friable ACBM is present or assumed to
be present in a building that it leases,
owns, or otherwise uses as a school
building. Any material identified as
nonfriable ACBM or nonfriable as-
sumed ACBM must be treated as friable
ACBM for purposes of this section
when the material is about to become
friable as a result of activities per-
formed in the school building.

(b) Worker protection. The protection
provided by EPA at 40 CFR 763.121 for
worker protection during asbestos
abatement projects is extended to em-
ployees of local education agencies who
perform operations, maintenance, and
repair (O&M) activities involving ACM
and who are not covered by the OSHA
asbestos construction standard at 29
CFR 1926.58 or an asbestos worker ap-
proved by OSHA under section 19 of the
Occupational Safety and Health Act.
Local education agencies may consult
appendix B of this subpart if their em-
ployees are performing operations,
maintenance, and repair activities that
are of small-scale, short-duration.

646



Environmental Protection Agency

(¢) Cleaning—(1) Initial cleaning. Un-
less the building has been cleaned
using equivalent methods within the
previous 6 months, all areas of a school
building where friable ACBM, damaged
or significantly damaged thermal sys-
tem insulation ACM, or friable sus-
pected ACBM assumed to be ACM are
present shall be cleaned at least once
after the completion of the inspection
required by §763.85(a) and before the
initiation of any response action, other
than O&M activities or repair, accord-
ing to the following procedures:

(i) HEPA-vacuum or steam-clean all
carpets.

(ii) HEPA-vacuum or wet-clean all
other floors and all other horizontal
surfaces.

(iif) Dispose of all debris, filters,
mopheads, and cloths in sealed, leak-
tight containers.

(2) Additional cleaning. The accredited
management planner shall make a
written recommendation to the local
education agency whether additional
cleaning is needed, and if so, the meth-
ods and frequency of such cleaning.

(d) Operations and maintenance activi-
ties. The local education agency shall
ensure that the procedures described
below to protect building occupants
shall be followed for any operations
and maintenance activities disturbing
friable ACBM:

(1) Restrict entry into the area by
persons other than those necessary to
perform the maintenance project, ei-
ther by physically isolating the area or
by scheduling.

(2) Post signs to prevent entry by un-
authorized persons.

(3) Shut off or temporarily modify
the air-handling system and restrict
other sources of air movement.

(4) Use work practices or other con-
trols, such as, wet methods, protective
clothing, HEPA-vacuums, mini-enclo-
sures, glove bags, as necessary to in-
hibit the spread of any released fibers.

(5) Clean all fixtures or other compo-
nents in the immediate work area.

(6) Place the asbestos debris and
other cleaning materials in a sealed,
leak-tight container.

(&) Maintenance activities other than
small-scale, short-duration. The response
action for any maintenance activities
disturbing friable ACBM, other than
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small-scale, short-duration mainte-
nance activities, shall be designed by
persons accredited to design response
actions and conducted by persons ac-
credited to conduct response actions.

(f) Fiber release episodes—(1) Minor
fiber release episode. The local education
agency shall ensure that the proce-
dures described below are followed in
the event of a minor fiber release epi-
sode (i.e., the falling or dislodging of 3
square or linear feet or less of friable
ACBM): 5

(i) Thoroughly saturate the debris
using wet methods.

(ii) Clean the area, as described in
paragraph (e} of this section.

(iii) Place the asbestos debris in a
sealed, leak-tight container.

(iv) Repair the area of damaged ACM
with materials such as asbestos-free
spackling, plaster, cement, or insula-
tion, or seal with latex paint or an
encapsulant, or immediately have the
appropriate response action imple-
mented as required by §763.90.

(2) Major fiber release episode. The
local education agency shall ensure
that the procedures described below are
followed in the event of a major fiber
release episode (i.e., the falling or dis-
lodging of more than 3 square or linear
feet of friable ACBM):

(i) Restrict entry into the area and
post signs to prevent entry into the
area by persons other than those nec-
essary to perform the response action.

(ii) Shut off or temporarily modify
the air-handling system to prevent the
distribution of fibers to other areas in
the building.

(iit} The response action for any
major fiber release episode must be de-
signed by persons accredited to design
response actions and conducted by per-
sons accredited to conduct response ac-
tions.

§763.92 Training and periodic surveil-
lance.

(a) Training. (1) The local education
agency shall ensure, prior to the imple-
mentation of the O&M provisions of
the management plan, that all mem-
bers of its maintenance and custodial
staff (custodians, electricians, heating/
air conditioning engineers, plumbers,
etc.) who may work in a building that
contains ACBM receive awareness
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training of at least 2 hours, whether or
not they are required to work with
ACBM. New custodial and maintenance
employees shall be trained within 60
days after commencement of employ-
ment. Training shall include, but not
be limited to:

(1) Information regarding asbestos
and its various uses and forms.

(ii) Information on the health effects
associated with asbestos exposure.

(iil) Locations of ACBM identified
throughout each school building in
which they work.

(iv) Recognition of damage, deterio-
ration, and delamination of ACBM.

(v) Name and telephone number of
the person designated te carry out gen-
eral local education agency respon-
sibilities under §763.84 and the avail-
ability and location of the manage-
ment plan. :

(2) The local education agency shall
ensure that all members of its mainte-
nance and custodial staff who conduct
any activities that will result in the
disturbance of ACBM shall receive
training described in paragraph (a)(1)
of this section and 14 hours of addi-
tional training. Additional training
shall include, but not be limited to:

(i) Descriptions of the proper meth-
ods of handling ACBM.

(ii) Information on the use of res-
piratory protection as contained in the
EPA/NIOSH Guide to Respiratory Protec-
tion for the Asbestos Abatement Industry,
September 1986 (EPA 560/0PPTS-86-
001), available from the Director, Envi-
ronmental Assistance Division (7408),
Office 'of Pollution Prevention and
Toxics, U.S. Environmental Protection
Agency, Room E-543B, 401 M St., SW.,
Washington, DC, 20460, Telephone: (202)
554-1404, TDD: (202) 544-0551 and other
personal protection measures.

(iif) The provisions of this section
and §763.91, Appendices A, B, C, D of
this subpart E of this part, EPA regula-
tions contained in 40 CFR part 763, sub-
part G, and in 40 CFR part 61, subpart
M, and OSHA regulations contained in
29 CFR 1926.58.

(iv) Hands-on training in the use of
respiratory protection, other personal
protection measures, and good work
practices.

(3) Local education agency mainte-
nance and custodial staff who have at-
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tended EPA-approved asbestos training
or received equivalent training for
O&M and periodic surveillance activi-
ties involving asbestos shall be consid-
ered trained for the purposes of this
section.

(b) Periodic surveillance. (1} At least
once every 6 months after a manage-
ment plan is in effect, each local edu-
cation agency shall conduct periodic
surveillance in each building that it
leases, owns, or otherwise uses as a
school building that contains ACBM or
is assumed to contain ACBM.

(2} Each person performing periodic
surveillance shall:

(i} Visually inspect all areas that are
identified in the management plan as
ACBM or assumed ACBM.

(i) Record the date of the surveil-
lance, his or her name, and any
changes in the condition of the mate-
rials.

(iii) Submit to the person designated
to carry out general local education
agency responsibilities under §763.84 a
copy of such record for inclusion in the
management plan.

{52 FR 41846, Oct. 30, 1987, as amended at 60
FR 34465, July 3, 1995]

§763.93 Management plans.

(a)(1) On or before October 12, 1988,
each local education agency shall de-
velop an asbestos management plan for
each school, including all buildings
that they lease, own, or otherwise use
as school buildings, and submit the
plan to an Agency designated by the
Governor of the State in which the
local education agency is located. The
plan may be submitted in stages that
cover a portion of the school buildings
under the authority of the local edu-
cation agency.

(2) If a building to be used as part of
a school is leased or otherwise acquired
after October 12, 1988, the local edu-
cation agency shall include the new
building in the management plan for
the school prior to its use as a school
building. The revised portions of the
management plan shall be submitted to
the Agency designated by the Gov-
ernor.

(3} If a local education agency begins
to use a building as a school after Octo-
ber 12, 1988, the local education agency
shall submit a management plan for
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the school to the Agency designated by
the Governor prior to its use as a
school.

(b) On or before October 17, 1987, the
Governor of each State shall notify
local education agencies in the State
regarding where to submit their man-
agement plans. States may establish
administrative procedures for review-
ing management plans. If the Governor
does not disapprove a management
plan within 90 days after receipt of the
plan, the local education agency shall
implement the plan. .

(c) Each local education agency must
begin implementation of its manage-
ment plan on or before July 9, 1989, and
complete implementation in a timely
fashion.

(d) Each local education agency shall
maintain and update its management
plan to keep it current with ongoing
operations and maintenance, periodic
surveillance, inspection, reinspection,
and response action activities. All pro-
visions required to be included in the
management plan under this section
shall be retained as part of the man-
agement plan, as well as any informa-
tion that has been revised to bring the
plan up-to-date.

(e) The management plan shall be de-
veloped by an accredited management
planner and shall include:

(1) A list of the name and address of
each school building and whether the
school building contains friable ACBM,
nonfriable ACBM, and friable and non-
friable suspected ACBM assumed to be
ACM.

(2) For each inspection conducted be-
fore the December 14, 1987:

(i) The date of the inspection.

(ii}) A blueprint, diagram, or written
description of each school building that
identifies clearly each location and ap-
proximate square or linear footage of
any homogeneous or sampling area
where material was sampled for ACM,
and, if possible, the exact locations
where bulk samples were collected, and
the dates of collection.

(iii) A copy of the analyses of any
bulk samples, dates of analyses, and a
copy of any other laboratory reports
pertaining to the analyses.

(iv) A description of any response ac-
tions or preventive measures taken to
reduce asbestos exposure, including if
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possible, the names and addresses of all
contractors involved, start and comple-
tion dates of the work, and results of
any air samples analyzed during and
upon completion of the work.

(v) A description of assessments, re-
quired to be made under §763.88, of ma-
terial that was identified before De-
cember 14, 1987, as friable ACBM or fri-
able suspected ACBM assumed to be
ACM, and the name and signature,
State of accreditation, and if applica-
ble, accreditation number of each ac-
credited person making the assess-
ments.

(3) For each inspection and reinspec-
tion conducted under §763.85:

(i) The date of the inspection or rein-
spection and the name and signature,
State of accreditation and, if applica-
ble, the accreditation number of each
accredited inspector performing the in-
spection or reinspection.

(ii) A blueprint, diagram, or written
description of each school building that
identifies clearly each location and ap-
proximate square or linear footage of
homogeneous areas where material was
sampled for ACM, the exact location
where each bulk sample was collected,
date of collection, homogeneous areas
where friable suspected ACBM is as-
sumed to be ACM, and where nonfriable
suspected ACBM is assumed to be ACM.

(iii) A description of the manner used
to determine sampling locations, and
the name and signature of each accred-
ited inspector collecting samples, the
State of accreditation, and if applica-
ble, his or her accreditation number.

(iv) A copy of the analyses of any
bulk samples collected and analyzed.
the name and address of any laboratory
that analyzed bulk samples, a state-
ment that the laboratory meets the ap-
plicable requirements of §763.87(a) the
date of analysis, and the name and sig-
nature of the person performing the
analysis.

(v) A description of assessments, re-
quired to be made under §763.88, of all
ACBM and suspected ACBM assumed to
be ACM, and the name, signature,
State of accreditation. and if applica-
ble, accreditation number of each ac-
credited person making the assess-
ments.

(4) The name, address, and telephone
number of the person designated under
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§763.84 to ensure that the duties of the
local education agency are carried out,
and the course name, and dates and
hours of training taken by that person
to carry out the duties.

(5) The recommendations made to the
local education agency regarding re-
sponse actions, under §763.88(d), the
name, signature, State of accreditation
of each person making the rec-
ommendations, and if applicable, his or
her accreditation number.

(6) A detailed description of preven-
tive measures and response actions to
be taken, including methods to be used,
for any friable ACBM, the locations
where such measures and action will be
taken, reasons for selecting the re-
sponse action or preventive measure,
and a schedule for beginning and com-
pleting each preventive measure and
response action.

(7) With respect to the person or per-
sons who inspected for ACBM and who
will design or carry out response ac-
tions, except for operations and main-
tenance, with respect to the ACBM,
one of the following statements:

(i) If the State has adopted a con-
tractor accreditation program under
section 206(b) of Title II of the Act, a
statement that the person(s) is accred-
ited under such plan.

(ii) A statement that the local edu-
cation agency used {or will use) persons
who have been accredited by another
State which has adopted a contractor
accreditation plan under section 206(b)
of Title II of the Act or is accredited by
an EPA-approved course under section
206(c) of Title II of the Act.

(8) A detailed description in the form
of a blueprint, diagram, or in writing of
any ACBM or suspected ACBM assumed
to be ACM which remains in the school
once response actions are undertaken
pursuant to §763.30. This description
shall be updated as response actions
are completed.

(9 A plan for reinspection under
§763.85. a plan for operations and main-
tenance activities under §763.81, and a
plan for periodic surveillance under
§763.92, a description of the rec-
ommendation made by the manage-
ment planner regarding additional
cleaning under §763.91(c}(2) as part of
an operations and maintenance pro-
gram, and the response of the local
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education agency to that recommenda-
tion. :

(10) A description of steps taken to
inform workers and building occu-
pants, or their legal guardians, about
inspections, reinspections, response ac-
tions, and post-response action activi-
ties, including periodic reinspection
and surveillance activities that are
planned or in progress.

(11) An evaluation of the resources
needed to complete response actions
successfully and carry out reinspec-
tion, operations and maintenance ac-
tivities, periodic surveillance and
training.

(12) With respect to each consultant
who contributed to the management
plan, the name of the consultant and
one of the following statements:

(i) If the State has adopted a con-
tractor accreditation plan under sec-
tion 206(b) of Title II of the Act, a
statement that the consultant is ac-
credited under such plan.

(ii) A statement that the contractor
is accredited by another State which
has adopted a contractor accreditation
plan under section 206(b) of Title II of
the Act, or is accredited by an EPA-ap-
proved course developed under section
206(c) of Title II of the Act.

(f) A local education agency may re-
quire each management plan to con-
tain a statement signed by an accred-
ited management plan developer that
such person has prepared or assisted in
the preparation of such plan or has re-
viewed such plan, and that such plan is
in compliance with this subpart E.
Such statement may not be signed by a
person who, in addition to preparing or
assisting in preparing the management
plan, also implements (or will imple-
ment) the management plan.

(® (1) Upon submission of a manage-
ment plan to the Governor for review,
a local education agency shall keep a
copy of the plan in its administrative
office. The management plans shall be
available, without cost or restriction,
for inspection by representatives of
EPA and the State, the public, includ-
ing teachers, other school personnel
and their representatives, and parents.
The local education agency may charge
a reasonable cost to make copies of
management plans.
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(2) Each local education agency shall
maintain in its administrative office a
complete, updated copy of a manage-
ment plan for each school under its ad-
ministrative control or direction. The
management plans shall be available,
during normal business hours, without
cost or restriction, for inspection by
representatives of EPA and the State,
the public, including teachers, other
school personnel and their representa-
tives, and parents. The local education
agency may charge a reasonable cost
to make copies of management plans.

(3) Each school shall maintain in its
administrative office a complete, up-
dated copy of the management plan for
that school. Management plans shall be
available for inspection, without cost
or restriction, to workers before work
begins in any area of a school building.
The school shall make management
plans available for inspection to rep-
resentatives of EPA and the State, the
public, including parents, teachers, and
other school personnel and their rep-
resentatives within 5 working days
after receiving a request for inspection.
The school may charge a reasonable
cost to make copies of the manage-
ment plan.

(4) Upon submission of its manage-
ment plan to the Governor and at least
once each school year, the local edu-
cation agency shall notify in writing
parent, teacher, and employee organi-
zations of the availability of manage-
ment plans and shall include in the
management plan a description of the
steps taken to notify such organiza-
tions, and a dated copy of the notifica-
tion. In the absence of any such organi-
zations for parents, teachers, or em-
ployees, the local education agency
shall provide written notice to that rel-
evant group of the availability of man-
agement plans and shall include in the
management plan a description of the
steps taken to notify such groups, and
a dated copy of the notification.

(h) Records required under §763.94
shall be made by local education agen-
cies and maintained as part of the
management plan.

(i) Each management plan must con-
tain a true and correct statement,
signed by the individual designated by
the local education agency under
§763.84, which certifies that the gen-

§763.94

eral, local education agency respon-
sibilities, as stipulated by §763.84, have
been met or will be met.

§763.94 Recordkeeping.

{a} Records required under this sec-
tion shall be maintained in a central-
ized location in the administrative of-
fice of both the school and the local
education agency as part of the man-
agement plan. For each homogeneous
area where all ACBM has been re-
moved, the local education agency
shall ensure that such records are re-
tained for 3 years after the next rein-
spection required under §763.85(b)(1), or
for an equivalent period.

(b) For each preventive measure and
response action taken for friable and
nonfriable ACBM and friable and non-
friable suspected ACBM assumed to be
ACM, the local education agency shall
provide:

(1)" A detailed written description of
the measure or action, including meth-
ods used, the location where the meas-
ure or action was taken, reasons for se-
lecting the measure or action, start
and completion dates of the work,
names and addresses of all contractors
involved, and if applicable, their State
of accreditation, and accreditation
numbers, and if ACBM is removed, the
name and location of storage or dis-
posal site of the ACM.

(2) The name and signature of any
person collecting any air sample re-
quired to be collected at the comple-
tion of certain response actions speci-
fied by §763.30(i), the locations where
samples were collected, date of coliec-
tion, the name and address of the lab-
oratory analyzing the samples, the
date of analysis, the results of the
analysis, the method of analysis, the
name and signature of the person per-
forming the analysis, and a statement
that the laboratory meets the applica-
ble requirements of §763.90(1)(2) (ii).

(c) For each person required to be
trained under §763.92(a) (1) and (2), the
local education agency shall provide
the person’s name and job title, the
date that training was completed by
that person, the location of the train-
ing, and the number of hours com-
pleted in such training.

(d) For each time that periodic sur-
veillance under §763.92(b) is performed,

651



§763.95

the local education agency shall record
the name of each person performing
the surveillance, the date of the sur-
veillance, and any changes in the con-
ditions of the materials.

(e) For each time that cleaning under
§763.91(c) is performed, the local edu-
cation agency shall record the name of
each person performing the cleaning,
the date of such cleaning, the locations
cleaned, and the methods used to per-
form such cleaning.

(f) For each time that operations and
maintenance activities under §763.91(d)
are performed, the local education
agency shall record the name of each
person performing the activity, the
start and completion dates of the ac-
tivity, the locations where such activ-
ity occurred, a description of the activ-
ity including preventive measures
used, and if ACBM is removed, the
name and location of storage or dis-
posal site of the ACM.

(g) For each time that major asbestos
activity under §763.91(e) is performed,
the local education agency shall pro-
vide the name and signature, State of
accreditation, and if applicable, the ac-
creditation number of each person per-
forming the activity, the start and
completion dates of the activity, the
locations where such activity occurred,
a description of the activity including
preventive measures used, and if ACBM
is removed, the name and location of
storage or disposal site of the ACM.

(h) For each fiber release episode
under §763.91(f), the local education
agency shall provide the date and loca-
tion of the episode, the method of re-
pair, preventive measures or response
action taken, the name of each person
performing the work, and if ACBM is
removed, the name and location of
storage or disposal site of the ACM.

(Approved by the Office of Management and
Budget under control number 2070-0091)

§763.95 Warning labels.

(a) The local education agency shall
attach a warning label immediately ad-
Jacent to any friable and nonfriable
ACBM and suspected ACBM assumed to
be ACM located in routine mainte-
nance areas (such as boiler rooms) at
each school building. This shall in-
clude:

40 CFR Ch. | (7-1-99 Edition)

(1) Friable ACBM that was responded
to by a means other than removal.

(2) ACBM for which no response ac-
tion was carried out.

(b) All labels shall be prominently
displayed in readily visible locations
and shall remain posted until the
ACBM that is labeled is removed.

(c) The warning label shall read, in
print which is readily visible because
of large size or bright color, as follows:

CAUTION: ASBESTOS. HAZARDOUS.
DO NOT DISTURB WITHOUT PROPER
TRAINING AND EQUIPMENT.

§763.97 Compliance and enforcement.

(a) Compliance with Title IT of the Act.
(1) Section 207(a) of Title II of the Act
(15 U.S.C. 2647) makes it unlawful for
any local education agency to:

(i) Fail to conduct inspections pursu-
ant to section 203(b) of Title II of the
Act, including failure to follow proce-
dures and failure to use accredited per-
sonnel and laboratories. .

(i1) Knowingly submit false informa-
tion to the Governor regarding any in-
spection pursuant to regulations under
section 203(i) of Title II of the Act.

(iii) Fail to develop a management
plan pursuant to regulations under sec-
tion 203(1) of Title II of the Act.

(2) Section 207(a) of Title II of the
Act (15 U.S.C. 2647) also provides that
any local education agency which vio-
lates any provision of section 207 shall
be liable for a civil penalty of not more
than $5,000 for each day during which
the violation continues. For the pur-
poses of this subpart, a ‘‘violation’
means a failure to comply with respect
to a single school building.

(b) Compliance with Title I of the Act.
(1) Section 15(1)(D) of Title I of the Act
(15 U.S.C. 2614) makes it unlawful for
any person to fail or refuse to comply
with any requirement of Title II or any
rule promulgated or order issued under
Title II. Therefore, any person who vio-
lates any requirement of this subpart
is in violation of section 15 of Title I of
the Act.

(2) Section 15(3) of Title I of the Act
(15 U.S5.C. 2614) makes it unlawful for
any person to fail or refuse to establish
or maintain records, submit reports,
notices or other information, or permit
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access to or copying of records, as re-
quired by this Act or a rule thereunder.

(3} Section 15(4) (15 U.S.C. 2614) of
Title I of the Act makes it unlawful for
any person to fail or refuse to permit
entry or inspection as required by sec-
tion 11 of Title I of the Act.

(4) Section 16(a) of Title I of the Act
(15 U.S.C. 2615) provides that any per-
son who violates any provision of sec-
tion 15 of Title I of the Act shall be lia-
ble to the United States for a civil pen-
alty in an amount not to exceed $25,000
for each such violation. Each day such
a violation continues shall, for pur-
poses of this paragraph, constitute a
separate violation of section 15. A local
education agency is not liable for any
civil penalty under Title I of the Act
for failing or refusing to comply with
any rule promulgated or order issued
under Title II of the Act.

(c) Criminal penalties. If any violation
committed by any person (including a
local education agency) is knowing or
willful, criminal penalties may be as-
sessed under section 16(b) of Title I of
the Act.

(d) Injunctive relief. The Agency may
obtain injunctive relief under section
208(b} of Title II of the Act to respond
to a hazard which poses an imminent
and substantial endangerment to
human health or the environment or
section 17 (15 U.S.C. 2616) of Title I of
the Act to restrain any violation of
section 15 of Title I of the Act or to
compel the taking of any action re-
quired by or under Title I of the Act.

(e) Citizen complaints. Any citizen who
wishes to file a complaint pursuant to
section 207{(d) of Title II of the Act
should direct the complaint to the Gov-
ernor of the State or the EPA Asbestos
Ombudsman, 401 M Street, SW., Wash-
ington, DC 20460. The citizen complaint
should be in writing and identified as a
citizen complaint pursuant to section
207(d) of Title II of TSCA. The EPA As-
bestos Ombudsman or the Governor
shall investigate and respond to the
complaint within a reasonable period
of time if the allegations provide a rea-
sonable basis to believe that a viola-
tion of the Act has occurred.

(f) Inspections. EPA may conduct in-
spections and review management
plans under section 11 of Title I of the

§763.98

Act (15 U.S.C. 2610) to ensure compli-
ance.

§763.98 Waiver; delegation to State.

(a) General (1) Upon request from a
State Governor and after notice and
comment and an opportunity for a pub-
lic hearing in accordance with para-
graphs (b) and (c) of this section, EPA
may waive some or all of the require-
ments of this subpart E if the State has
established and is implementing or in-
tends to implement a program of asbes-
tos inspection and management that
contains requirements that are at least
as stringent as the requirements of this
subpart E.

2) A waiver from any requirement of
this subpart E shall apply only to the
specific provision for which a waiver
has been granted under this section.
All requirements of this subpart E
shall apply until a waiver is granted
under this section.

(b) Request. Each request by a Gov-
ernor to waive any requirement of this
subpart E shall be sent with three com-
plete copies of the request to the Re-
gional Administrator for the EPA Re-
gion in which the State is located and
shall include:

(I) A copy of the State provisions or
proposed provisions relating to its pro-
gram of asbestos inspection and man-
agement in schools for which the re-
quest is made.

(2)(i) The name of the State agency
that is or will be responsible for admin-
istering and enforcing the require-
ments for which a waiver is requested,
the names and job titles of responsible
officials in that agency, and phone
numbers where the officials can be con-
tacted.

(ii) In the event that more than one
agency is or will be responsible for ad-
ministering and enforcing the require-
ments for which a waiver is requested,
a description of the functions to be per-
formed by each agency, how the pro-
gram will be coordinated by the lead
agency to ensure consistency and effec-
tive administration in the asbestos in-
spection and management program
within the State, the names and job ti-
tles of responsible officials in the agen-
cies, and phone numbers where the offi-
cials can be contacted. The lead agency
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will serve as the central contact point
for the EPA.

(3) Detailed reasons, supporting pa-
pers, and the rationale for concluding
that the State's asbestos inspection
and management program provisions
for which the request is made are at
least as stringent as the requirements
of this subpart E.

(4) A discussion of any special situa-
tions, problems, and needs pertaining
to the waiver request accompanied by
an explanation of how the State in-
tends to handle them.

(5) A statement of the resources that
the State intends to devote to the ad-
ministration and enforcement of the
provisions relating to the waiver re-
quest.

(6) Copies of any specific or enabling
State laws (enacted and pending enact-
ment) and regulations {promulgated
and pending promulgation) relating to
the request, including provisions for
assessing criminal andfor civil pen-
alties.

(7) Assurance from the Governor, the
Attorney General, or the legal counsel
of the lead agency that the lead agency
or other cooperating agencies have the
legal authority necessary to carry out
the requirements relating to the re-
quest.

(c) General notice—hearing. (1) Within
30 days after receipt of a request for a
waiver, EPA will determine the com-
pleteness of the request. If EPA does
not request further information within
the 30-day period, the request will be
deemed complete.

(2) Within 30 days after EPA deter-
mines that a request is complete, EPA
will issue for publication in the FED-
ERAL REGISTER a notice that announces
receipt of the request, describes the in-
formation submitted under paragraph
(b) of this section, and solicits written
comment from interested members of
the public. Comments must be sub-
mitted within 60 days.

(3) If. during the comment period,
EPA receives a written objection to a
Governor's request and a request for a
public hearing detailing specific objec-
tions to the granting of a waiver, EPA
will schedule a public hearing to be
held in the affected State after the
close of the comment period and will
announce the public hearing date in

40 CFR Ch. | (7-1-99 Edition)

the FEDERAL REGISTER before the date
of the hearing. Each comment shall in-
clude the name and address of the per-
son submitting the comment.

(d) Criteria. EPA may waive some or
all of the requirements of subpart E of
this part if:

(1) The State's lead agency and other
cooperating agencies have the legal au-
thority necessary to carry out the pro-
visions of asbestos inspection and man-
agement in schools relating to the
waiver request.

(2) The State’s program of asbestos
inspection and management in schools
relating to the waiver request and im-
plementation of the program are or
will be at least as stringent as the re-
quirements of this subpart E.

(3) The State has an enforcement
mechanism to allow it to implement
the program described in the waiver re-
quest.

(4) The lead agency and any cooper-
ating agencies have or will have quali-
fied personnel to carry out the provi-
sions relating to the waiver request.

(5) The State will devote adequate re-
sources to the administration and en-
forcement of the asbestos inspection
and management provisions relating to
the waiver request.

(6) When specified by EPA, the State
gives satisfactory assurances that nec-
essary steps, including specific actions
it proposes to take and a time schedule
for their accomplishment, will be
taken within a reasonable time to con-
form with applicable criteria under
paragraphs (d} (2) through (4) of this
section.

(e) Decision. EPA will issue for publi-
cation in the FEDERAL REGISTER a no-
tice announcing its decision to grant or
deny. in whole or in part, a Governor's
request for a waiver from some or all of
the requirements of this subpart E
within 30 days after the close of the
comment period or within 30 days fol-
lowing a public hearing, whichever is
applicable. The notice will include the
Agency's reasons and rationale for
granting or denying the Governor’s re-
quest. The 30-day period may be ex-
tended if mutually agreed upon by EPA
and the State.

(f) Modifications. When any substan-
tial change is made in the administra-
tion or enforcement of a State program
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for which a waiver was granted under
this section, a responsible official in
the lead agency shall submit such
changes to EPA. .

(g8) Reports. The lead agency in each
State that has been granted a waiver
by EPA from any requirement of sub-
part E of this part shall submit a re-
port to the Regional Administrator for
the Region in which the State is lo-
cated at least once every 12 months to
include the following information:

(1) A summary of the State’s imple-
mentation and enforcement activities
during the last reporting period relat-
ing to provisions waived under this sec-
tion, including enforcement actions
taken.

(2) Any changes in the administra-
tion or enforcement of the State pro-
gram implemented during the last re-
porting period.

(3) Other reports as may be required
by EPA to carry out effective oversight
of any requirement of this subpart E
that was waived under this section.

(h) Oversight. EPA may periodically
evaluate the adequacy of a State’s im-
plementation and enforcement of and
resources devoted to carrying out re-
quirements relating to the waiver. This
evaluation may include, but is not lim-
ited to, site visits to local education
agencies without prior notice to the
State.

(i) Informal conference. (1) EPA may
reguest that an informal conference be
held between appropriate State and
EPA officials when EPA has reason to
believe that a State has failed to:

(i) Substantially comply with the
terms of any provision that was waived
under this section.

(ii) Meet the criteria under paragraph
(d) of this section, including the failure
to carry out enforcement activities or
act on violations of the State program.

(2) EPA will:

(i) Specify to the State those aspects
of the State's program believed to be
inadequate.

(ii) Specify to the State the facts
that underlie the belief of inadequacy.

(3) If EPA finds, on the basis of infor-
mation submitted by the State at the
conference, that deficiencies did not
exist or were corrected by the State, no
further action is required.

§763.99

(4) Where EPA finds that deficiencies
in the State program exist, a plan to
correct the deficiencies shall be nego-
tiated between the State and EPA. The
plan shall detail the deficiencies found
in the State program, specify the steps
the State has taken or will take to
remedy the deficiencies, and establish
a schedule for each remedial action to
be initiated.

(j) Rescission. (1) If the State fails to
meet with EPA or fails to correct defi-
ciencies raised at the informal con-
ference, EPA will deliver to the Gov-
ernor of the State and a responsible of-
ficial in the lead agency a written no-
tice of its intent to rescind, in whole or
part, the waiver.

(2) EPA will issue for publication in
the FEDERAL REGISTER a notice that
announces the rescission of the waiver,
describes those aspects of the State's
program determined to be inadequate,
and specifies the facts that underlie
the findings of inadequacy.

§763.99 Exclusions.

(a) A local education agency shall
not be required to perform an inspec-
tion under §763.85(a) in any sampling
area as defined in 40 CFR 763.103 or ho-
mogeneous area of a school building
where: )

(1) An accredited inspector has deter-
mined that, based on sampling records,
friable ACBM was identified in that ho-
mogeneous or sampling area during an
inspection conducted before December
14, 1987. The inspector shall sign and
date a statement to that effect with his
or her State of accreditation and if ap-
plicable, accreditation number and,
within 30 days after such determina-
tion, submit a copy of the statement to
the person designated under §763.84 for
inclusion in the management plan.
However, an accredited inspector shall
assess the friable ACBM under §763.88.

(2) An accredited inspector has deter-
mined that, based on sampling records,
nonfriable ACBM was identified in that
homogeneous or sampling area during
an inspection conducted before Decem-
ber 14, 1987. The inspector shall sign
and date a statement to that effect
with his or her State of accreditation
and if applicable, accreditation number
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Subpart F [Reserved]

Subpart G—Asbestos Abatement
Projects

SOURCE; 52 FR 5623, Feb. 25, 1987, unless
otherwise noted.

§763.120 Scope

(a) This part establishes require-
ments which must be followed during
asbestos abatement projects by em-
ployers of State and local government
employees not covered by the Asbestos
Standard of the Occupational Safety
and Health Administration (OSHA), 2%
CFR 1926.58, an Asbestos Standard
adopted by a State as part of a State
plan approved by OSHA under section
18 of the Occupational Safety and
Health Act, or a State asbestos regula-
tion which EPA has determined to be

comparable to or more stringent than-

this part. The rule covers those em-
ployees who take part in asbestos
abatement work.

(b) [Reserved]

§763.121

§763.121 Regulatory requirements.

(a) [Reserved]

(b} Definitions. Action level means an
airborne concentration of asbestos of
0.1 fiber per cubic centimeter (f/cc) of
air calculated as an 8-hour time-
weighted average.

Administrator means the Adminis-
trator, U.S. Environmental Protection
Agency, or designee.

Asbestos means the asbestiform vari-
eties of chrysotile (serpentine); crocid-
olite (riebeckite); amosite
(cummingtonite—grunerite}; tremolite;
anthophyllite, and actinolite.

Asbestos abatement project means any
activity involving the removal, enclo-
sure, or encapsulation of friable asbes-
tos material.
 Authorized person means any person
authorized by the employer and re-
quired by work duties to be present in
regulated areas.

Clean room means an uncontaminated
room having facilities for the storage
of employees’ street clothing and
uncontaminated materials and equip-
ment. .

Competent person means one who is
capable of identifying existing asbestos
hazards in the workplace and who has
the authority to take prompt correc-
tive measures to eliminate them. The
duties of the competent person include
at least the following: Establishing the
negative-pressure enclosure, ensuring
its integrity, and controlling entry to
and exit from the enclosure; super-
vising any employee exposure moni-
toring required by this subpart, ensur-
ing that all employees working within
such an enclosure wear the appropriate
personal protective equipment, are
trained in the use of appropriate meth-
ods of exposure control, and use the hy-
giene facilities and decontamination
procedures specified in this subpart;
and ensuring that engineering contrals
in use are in proper operating condi-
tion and are functioning properly.

Decontamination area means an en-
closed area adjacent and connected to
the regulated area and consisting of an
equipment room, shower area, and
clean room, which is used for the de-
contamination of workers, materials,
and equipment contaminated with as-
bestos.

727



§763.122

Yes or No
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further Comment on Positive

Pneumonia
Tuberculosis

Chest Surgery

Other Lung Problems
Heart Disease

Do you have:

Frequent colds

T

Chronic cough
Shortness of breath
when walking or
climbing one flight of
stairs
Do you:
theeze

Cough up phlegm

A

Smoke cigarettes

Date Signature

APPENDIX E TO §763.121—
INTERPRETATION AND CLASSIFICA-
TION OF CHEST ROENTGENOGRAMS—
MANDATORY

(a) Chest roentgencgrams shall be inter-
preted and classified in accordance with a
professionally accepted classification system
and recorded on an interpretation form fol-
lowing the format of the CDC/NIOSH (M) 2.8
form. As a minimum, the content within the
boldlines of this form (items 1 through 4}
shall be included. This form is not to be sub-
mitted to NIOSH.

{b) Roentgenograms shall be interpreted
and classified only by a B-reader, a board eli-
gible/certified radiologist, or an experienced
physictan with known  expertise in
pneurnoconioses.

(c) All interpreters, whenever interpreting
chest roentgenograms made under this sec-
tion, shall have immediately available for
reference a complete set of the ILO-U/C
International Classification of Radiographs
for Pneumnoconioses, 1980.

[52 FR 5623, Feb. 25, 1987; 52 FR 10817, Mar. 30,
1987; 53 FR 1022, Jan. 15, 1988]

Ansvers

Packs per day __ How many years _

§763.122 Exclusions for States.

(a) The States of Idaho, Kansas,
Oklahoma, and Wisconsin have 6
months or such other reasonable time
as suggested by the particular State
and approved by the Director of the Of-
fice of Pollution Prevention and Toxics
to make their regulations comparable
to or more stringent than this part,
and to submit their regulations to
EPA’s Office of Pollution Prevention
and Toxics for review. If in such rea-
sonable time after March 27, 1987, any
of these States have not so revised
their regulations and submitted them
to EPA, State and local government
employees in such States shall be cov-
ered by the requirements of this part.

{b) Any other State that wishes to be
excluded from this rule shall send a
copy of a regulation which it considers
to be comparable to or more stringent
than this part to EPA’s Office of Pollu-
tion Prevention and Toxics for review.
EPA will review the regulation and
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tentatively determine whether the reg-

ulation is comparable to or more strin-
gent than this part. If EPA makes a
positive tentative determination, EPA
will propose an amendment to this rule
excluding that State from coverage. In-
terested persons may comment on the
proposed exclusion during the period
for public comment. After considering
any comments, EPA may promulgate
the final amendment to the rule.

§763.124 Reporting.

(a) Employers subject to this rule
must report to the Regional Asbestos
Coordinator for the EPA Region in
which the asbestos abatement project
is located at least 10 days before they
begin any asbestos abatement project,
except one that involves less than ei-
ther 3 linear feet or 3 square feet of fri-
able asbestos material, and an emer-
gency project. Employers must report
any emergency project covered by this
rule as soon as possible but in no case
more than 48 hours after the project
begins. A list of the EPA Regional Of-
fices is given under §1.7(b) of this chap-
ter.

(b) The report must include:

(1) The employer’s name and address.

(2) The location, including street ad-
dress, of the asbestos abatement
project.

(3} The scheduled starting and com-
pletion dates for the asbestos abate-
ment project.

(c) If a report is mailed to EPA, the
report must be postmarked at least 10
days before the asbestos abatement
project begins unless the report is for
an emergency project. In such a case,
the report must be postmarked as soon
as possible but in no case more than 48
hours after the project begins.

(d) Employers do not have to report
under this section if they submit a no-
tice to EPA under the National Emis-
sion Standard for Asbestos, §61.146 of
this chapter, at least 10 days before
they begin the asbestos abatement
project and that notice clearly indi-
cates that employees covered by this
rule will perform some or all of the as-
bestos abatement work.

[47 FR 23369, May 27, 1982, as amended at 58
FR 34205, June 23, 1993)
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§763.125 Enforcement.

(a) Failure to comply with any provi-
sion of this part is a violation of sec-
tion 15 of the Act (15 U.S.C. 2614).

(b) Failure or refusal to establish and
maintain records or to permit access to
or copying of records, as required by
the Act, is a violation of section 15 of
the Act (15 U.S.C. 2614).

{c) Failure or refusal to permit entry
or inspection as required by section 11
of the Act (15 U.S.C. 2610) is a violation
of section 15 of the Act (15 U.S.C. 2614),

(d) Violators may be subject to the
civil and criminal penalties in section
16 of the Act (15 U.S.C. 2615) for each
violation.

(e} EPA may seek to enjoin an asbes-
tos abatement project in violation of
this part, or take other actions under
the authority of section 7 or 17 of the
Act (15 U.S.C. 2606 or 2616).

§763.126 Inspections.
EPA will conduct inspections under

section 11 of the Act (15 U.S.C. 2610) to
ensure compliance with this part.

Subpart H [Reserved]

Subpart 1—Prohibition of the Man-
ufacture, Importation, Proc-
essing, and Distribution in
Commerce of Certain Asbes-
tos-Containing Products; La-
beling Requirements

SOURCE: 54 FR 29507, July 12, 1989, unless
otherwise noted.

§763.160 Scope.

This subpart prohibits the manufac-
ture, importation, processing, and dis-
tribution in commerce of the asbestos-
containing products identified and at
the dates indicated in §§763.165, 763.167,
and 763.169. This subpart requires that
products subject to this rule's bans,
but not yet subject to a ban on dis-
tribution in commerce, be labeled. This
subpart also includes: general exemp-
tions and procedures for requesting ex-
emptions from the provisions of this
subpart.

§763.163 Definitions.
For purposes of this subpart:
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Act means the Toxic Substances Con-
trol Act, 15 U.S.C. 2601 et seq.

Agency means the United States En-
vironmental Protection Agency.

Asbestos means the asbestiform vari-
eties of: chrysotile (serpentine); crocid-
olite (riebeckite); amosite
(cummingtonite-grunerite): tremolite;
anthophyllite; and actinolite.

Asbestos-containing product means any
product to which asbestos is delib-
erately added in any concentration or
which contains rmore than 1.0 percent
asbestos by weight or area.

Chemical substance, has the same
meaning as in section 3 of the Act.,

Commerce has the same meaning as in
section 3 of the Act.

Commercial paper means an asbestos-
containing product which is made of
paper intended for use as general insu-
lation paper or muffler paper. Major
applications of commercial papers are
insulation against fire, heat transfer,
and corrosion in circumstances that re-
quire a thin, but durable, barrier.

Corrugated paper means an asbestos-
containing product made of corrugated
paper, which is often cemented to a flat
backing, may be laminated with foils
or other materials, and has a cor-
rugated surface. Major applications of
asbestos corrugated paper include:
thermal insulation for pipe coverings;
block insulation; panel insulation in
elevators; insulation in appliances; and
insulation in low-pressure steam, hot
water, and process lines.

Customs territory of the United States
means the 50 States, Puerto Rico, and
the District of Columbia.

Distribute in commerce has the same
meaning as in section 3 of the Act, but
the term does not include actions
taken with respect to an asbestos-con-
taining product (to sell, resale, deliver,
or hold) in connection with the end use
of the product by persons who are users
{persons who use the product for its in-
tended purpose after it is manufactured
or processed). The term also does not
include distribution by manufacturers,
importers, and processors, and other
persons solely for purposes of disposal
of an asbestos-containing product.

Flooring felt means an asbestos-con-
taining product which is made of paper
felt intended for use as an underiayer
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for floor coverings, or to be bonded to
the underside of vinyl sheet flooring.

Import means to bring into the cus-
toms territory of the United States, ex-
cept for: (1) Shipment through the cus-
toms territory of the United States for
export without any use, processing, or
disposal within the customs territory
of the United States; or (2) entering the
customs territory of the United States
as a component of a product during
normal personal or business activities
involving use of the product.

Importer means anyone who imports a
chemical substance, including a chem-
ical substance as part of a mixture or
article, into the customs territory of
the United States. Importer includes
the person primartily liable for the pay-
ment of any duties on the merchandise
or an authorized agent acting on his or
her behalf. The term includes as appro-
priate:

(1) The consignee.

(2) The importer of record.

(3) The actual owner if an actual
owner’'s declaration and superseding
bond has been filed in accordance with
13 CFR 141.20.

(4) The transferee, if the right to
withdraw merchandise in a bonded
warehouse has been transferred in ac-
cordance with subpart C of 19 CFR part
144.

Manufacture means to produce or
manufacture in the United States.

Manufacturer means a person who
produces or manufactures in the
United States.

New uses of asbestos means commer-
cial uses of asbestos not identified in
§763.165 the manufacture, importation
or processing of which would be initi-
ated for the first time after August 25,
1989.

Person means any natural person,
firm, company, corporation, joint-ven-
ture, partnership, sole proprietorship,
association, or any other business enti-
ty; any State or political subdivision
thereof, or any municipality; any
interstate body and any department,
agency, or instrumentality of the Fed-
eral Government.

Process has the same meaning as in
section 3 of the Act.

Processor has the same meaning as in
section 3 of the Act.
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Rollboard means an asbestos-con-
taining product made of paper that is
produced in a continuous sheet, is
flexible, and is rolled to achieve a de-
sired thickness. Ashestos rollboard
consists of two sheets of asbestos paper
laminated together. Major applications
of this product include: office parti-
tioning; garage paneling; linings for
stoves and electric switch boxes; and
fire-proofing agent for security boxes,
safes, and files.

Specialty paper means an asbestos-
containing product that is made of
paper intended for use as filters for
beverages or other fluids or as paper
fill for cooling towers. Cooling tower
fill consists of asbestos paper that is
used as a cooling agent for liquids from
industrial processes and air condi-
tioning systems.

State has the same meaning as in sec-
tion 3 of the Act.

Stock-on-hand means the products
which are in the possession, direction,
or control of a person and are intended
for distribution in commerce.

United States has the same meaning
as in section 3 of the Act.

[59 FR 33208, June 28, 1994)

§763.165 Manufacture and importation
prohibitions.

(a) After August 27, 1990, no person
shall manufacture or import the fol-
lowing asbestos-containing products,
either for use in the United States or
for export: flooring felt and new uses of
asbestos.

(b) After August 26, 1996, no person
shall manufacture or import the fol-
lowing asbestos-containing products,
either for use in the United States or
for export: commercial paper, cor-
rugated paper, rollboard, and specialty
paper.

{c) The import prohibitions of this
subpart do not prohibit:

(1) The import into the customs ter-
ritory of the United States of products
imported solely for shipment outside
the customs territory of the United
States, unless further repackaging or
processing of the product is performed
in the United States; or

(2) Activities involving purchases or
acquisitions of small quantities of
products made outside the customs ter-
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ritory of the United States for personal
use in the United States. :

[59 FR 33209, June 28, 1994)

§763.167 Processing prohibitions.

(a) After August 27, 1980, no person
shall process for any use, either in the
United States or for export, any of the
asbestos-containing products listed at
§763.165(a).

(b) After August 26, 1996, no person
shall process for any use, either in the
United States or for export, any of the
asbestos-containing products listed at
§763.165(b).

[59 FR 33209, June 28. 1994]

§763.169 Distribution in
prohibitions.

(a) After August 25, 1992, no person
shall distribute in commerce, either for
use in the United States or for export,
any of the asbestos-containing prod-
ucts listed at §763.165(a).

(b) After August 25, 1997, no person
shall distribute in commerce, either for
use in the United States or for export,
any of the asbestos-containing prod-
ucts listed at §763.165(b).

(c) A manufacturer, importer, proc-
essor, or any other person who is sub-
ject to a ban on distribution in com-
merce in paragraph (a) or (b) of this
section must, within 6 months of the
effective date of the ban of a specific
asbestos-containing product from dis-
tribution in commerce, dispose of all
their remaining stock-on-hand of that
product, by means that are in compli-
ance with applicable local, State, and
Federal restrictions which are current
at that time.

[58 FR 33209, June 28, 1994]

commerce

§763.171 Labeling requirements.

(a) After August 27, 1990, manufactur-
ers, importers, and processors of all as-
bestos-containing products that are
identified in §763.165(a) shall label the
products as specified in this subpart at
the time of manufacture, import, or
processing. This requirement includes
labeling all manufacturers’, importers’,
and processors’ stock-on-hand as of Au-
gust 27, 1990.

(b) After August 25, 1995, manufactur-
ers, importers, and processors of all as-
bestos-containing products that are
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identified in §763.165(b), shall label the
products as specified in this subpart at
the time of manufacture, import, or
processing. This requirement includes
labeling all manufacturers’, importers’,
and processors’ stock-on-hand as of Au-
gust 25, 1995.

{c) The label shall be placed directly
on the visible exterior of the wrappings
and packaging in which the product is
placed for sale, shipment, or storage. If
the product has more than one layer of
external wrapping or packaging, the
label must be attached to the inner-
most layer adjacent to the product. If
the innermost layer of product wrap-
ping or packaging does not have a visi-
ble exterior surface larger than 5
square inches, either a tag meeting the
requirements of paragraph (d) of this
section must be securely attached to
the product’s innermost layer of prod-
uct wrapping or packaging, or a label
must be attached to the next outer
layer of product packaging or wrap-
ping. Any products that are distributed
in commerce to someone other than
the end user, shipped, or stored with-
out packaging or wrapping must be la-
beled or tagged directly on a visible ex-
terior surface of the product as de-
scribed in paragraph (d) of this section.

(d)(1) Labels must be either printed
directly on product packaging or in the
form of a sticker or tag made of plas-
tic, paper, metal, or other durable sub-
stances. Labels must be attached in
such a manner that they cannot be re-
moved without defacing or destroying
them. Product labels shall appear as in
paragraph (d)(2) of this section and
consist of block letters and numerals of
color that contrasts with the back-
ground of the label or tag. Labels shall
be sufficiently durable to equal or ex-
ceed the life, including storage and dis-
posal, of the product packaging or
wrapping. The size of the label or tag
must be at least 15.25 cm (6 inches) on
each side. If the product packaging is
too small to accommodate a label of
this size, the label may be reduced in
size proportionately to the size of the
product packaging or wrapping down to
a minimum 2.5 cm (1 inch) on each side
if the product wrapping or packaging
has a visible exterior surface larger
than 5 square inches.
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(2) Products subject to this subpart
shall be labeled in English as follows:

NOTICE

This product contains ASBESTOS. The U.S.
Environmental Protection Agency has
banned the distribution in U.S. commerce of
this product under section 6 of the Toxic
Substances Control Act (15 U.S.C. 2605) as of
(insert effective date of ban on distribution
in commerce). Distribution of this product in
commerce after this date and intentionally
removing or tampering with this label are
violations of Federal Iaw.

(e) No one may intentionally remove,
deface, cover, or otherwise obscure or
tamper with a label or sticker that has
been applied in compliance with this
section, except when the product is -
used or disposed of.

{59 FR 33209, June 28, 1994}

§763.173 Exemptions.

(a) Persons who are subject to the
prohibitions imposed by §§763.165,
763.167, or 763.169 may file an applica-
tion for an exemption. Persons whose
exemption applications are approved
by the Agency may manufacture, im-
port, process, or distribute in com-
merce the banned product as specified
in the Agency’s approval of the appli-
cation. No applicant for an exemption
may continue the banned activity that
is the subject of an exemption applica-
tion after the effective date of the ban
unless the Agency has granted the ex-
emption or the applicant receives an
extension under paragraph (b){4) or (5)
of this section.

(b) Application filing dates. (1) Appli-
cations for products affected by the
prohibitions under §§763.165(a) and
763.167(a) may be submitted at any
time and will be either granted or de-
nied by EPA as soon as is feasible.

(2) Applications for products affected
by the ban under §763.169(a) may be
submitted at any time and will be ei-
ther granted or denied by EPA as soon
as is feasible.

(3) Applications for products affected
by the ban under §§763.165(b) and
763.167(b) may not be submitted prior
to February 27, 1995. Complete applica-
tions received after that date, but be-
fore August 25, 1995, will be either
granted or denied by the Agency prior
to the effective date of the ban for the
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product. Applications received after
August 25, 1995, will be either granted
or denied by EPA as soon as is feasible.

(4) Applications for products affected
by the ban under §763.169(b) may not be
submitted prior to February 26, 1886.
Complete applications received after
that date, but before August 26, 1996,
will be either granted or denied by the
Agency prior to the effective date of
the ban for the product. Applications
received after August 26, 1996, will be
either granted or denied by EPA as
soon as is feasible.

(5) The Agency will consider an appli-
cation for an exemption from a ban
under §763.169 for a product at the same
time the applicant submits an applica-
tion for an exemption from a ban under
§763.165 or §763.167 for that product.
EPA will grant an exemption at that
time from a ban under §763.169 if the
Agency determines it appropriate to do
so.
(6) If the Agency denies an applica-
tion less than 30 days before the effec-
tive date of a ban for a product, the ap-
plicant can continue the activity for 30
days after receipt of the denial from
the Agency. .

(7) If the Agency fails to meet the
deadlines stated in paragraphs (b}(3)
and (b)(4) of this section for granting or
denying a complete application in in-
stances in which the deadline is before
the effective date of the ban to which
the application applies, the applicant
will be granted an extension of I year
from the Agency’s deadline date. Dur-
ing this extension period the applicant
may continue the activity that is the
subject of the exemption application.
The Agency will either grant or deny
the application during the extension
period. The extension period will ter-
minate either on the date the Agency
grants the application or 30 days after
the applicant receives the Agency's de-
nial of the application. However, no ex-
tension will be granted if the Agency is
scheduled to grant or deny an applica-
tion at some date after the effective
date of the ban, pursuant to the dead-
lines stated in paragraphs (b)(3) and
(b) (4) of this section.

{c) Where to file. All applications
must be submitted to the following lo-
cation: TSCA Docket Receipts Office
(7407), Office of Pollution Prevention

§763.173

and Toxics, U.S. Environmental Pro-
tection Agency, Rm E-G93, 401 M St.,
SW., Washington, DC 20460, ATTEN-
TION: Asbestos Exemption. For infor-
mation regarding the submission of ex-
emptions  containing  information
claimed as confidential business infor-
mation (CBI), see §763.179.

(d) Content of application and cri-
teria for decisionmaking.

(1) Content of application. Each ap-
plication must contain the following:

(i) Name, address, and telephone
number of the applicant.

(ii) Description of the manufacturing,
import, processing, and/or distribution
in commerce activity for which an ex-
emption is requested, including a de- -
scription of the asbestos-containing
product to be manufactured, imported,
processed, or distributed in commerce.

(iii) Identification of locations at
which the exempted activity would
take place.

(iv) Length of time requested for ex-
emption (maximum length of an ex-
emption is 4 years). :

(v) Estimated amount of asbestos to
be used in the activity that is the sub-
Jject of the exemption application.

(vi) Data demonstrating the exposure
level over the life cycle of the product
that is the subject of the application.

(vii) Data concerning:

(A) The extent to which non-asbestos
substitutes for the product that is the
subject of the application fall signifi-
cantly short in performance under nec-
essary product standards or require-
ments, including laws or ordinances
mandating product safety standards.

(B) The costs of non-asbestos sub-
stitutes relative to the costs of the as-
bestos-containing product and, in the
case in which the product is a compo-
nent of another product, the effect on
the cost of the end use product of using
the substitute component.

(C) The extent to which the product
or use serves a high-valued use.

(viii) Evidence of demonstrable good
faith attempts by the applicant to de-
velop and use a non-asbestos substance
or product which may be substituted
for the asbestos-containing product or
the asbestos .in the product or use that
is the subject to the application.

(ix) Evidence, in addition to that pro-
vided in the other information required
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with the application, showing that the
continued manufacture, importation,
processing, distribution in commerce,
and use, as applicable, of the product
will not present an unreasonable risk
of injury to human health.

(2) Criteria for decision (existing
products). After considering all the in-
formation provided by an applicant
under paragraphs (d)(1) and (e) of this
section, and any other information
available to EPA, EPA will grant an
exemption from the prohibitions in
§§763.165, 763.167, or 763.169 for an appli-
cant’s asbestos-containing product
only if EPA determines both of the fol-
lowing:

(i) The applicant has made good faith
attempts to develop and use a non-as-
bestos substance or product which may
be substituted for the asbestos-con-
taining product or the asbestos in the
product or use, and those attempts
have failed to produce a substitute or a
substitute that results in a product
that can be economically produced.

(ii) Continued manufacturing, proc-
essing, distribution in commerce, and
use, as applicable, of the product will
not present an unreasonable risk of in-
Jjury to human health.

(3) Criteria for decision (new prod-
ucts). Requests to develop and use an
asbestos substance or product will be
treated as a petition pursuant to sec-
tion 21 of TSCA.

(e) The Agency reserves the right to
request further information from an
exemption applicant if necessary to
complete the Agency's evaluation of an
application.

(f) Upon receipt of a complete appli-
cation, the Agency will issue a notice
in the FEDERAL REGISTER announcing
its receipt and invite public comments
on the merits of the application.

(g) If the application does not include
all of the information required in para-
graph (d) of this section, the Agency
will return it to the applicant as in-
complete and any resubmission of the
application will be considered a new
application for purposes of the avail-
ability of any extension period. If the
application is substantially inadequate
to allow the Agency to make a rea-
soned judgment on any of the informa-
tion required in paragraph (d) of this
section and the Agency chooses to re-
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quest additional information from the
applicant, the Agency may also deter-
mine that an extension period provided
for in paragraph (b)(5) of this section is
unavailable to the applicant.

(h) When denying an application, the
Agency will notify the applicant by
registered mail of its decision and ra-
tionale. Whenever possible, the Agency
will send this letter prior to the appro-
priate ban. This letter will be consid-
ered a final Agency action for purposes
of judicial review. A notice announcing
the Agency's denial of the application
will be published in the FEDERAL REG-
ISTER.

(i) If the Agency proposes to approve
an exemption, it will issue a notice in
the FEDERAL REGISTER announcing this
intent and invite public comments. If,
after considering any timely comments
received, the Agency approves an ex-
emption, its decision will be published
in the FEDERAL REGISTER. This notice
will be considered a final Agency ac-
tion for purposes of judicial review.

() The length of an exemption period
will be specified by the agency when it
approves the exemption. To extend an
exemption period beyond the period
stipulated by EPA, applicants must
submit a new application to the Agen-
cy. following the application proce-
dures described in this section. Appli-
cations may not be submitted prior to
15 months before the expiration of the
exemption period, unless stated other-
wise in the notice granting the exemp-
tion. Applications received between 15
months and 1 year before the end of the
exemption period will be either granted
or denied by the Agency before the end
of the exemption period. Applications
received after the date 1 year prior to
the end of the exemption period will be
either granted or denied by the Agency
as soon as is feasible. Applicants may
not continue the activity that is the
subject of the renewal application after
the date of the end of the exemption
period.

{54 FR 29507, July 12, 1989; 54 FR 37531, Sept.

‘11, 1989, as amended at 54 FR 46838. Nov. 8,

1989; 59 FR 33210, June 28, 1994]

§763.175 Enforcement.

(a) Failure to comply with any provi-
sion of this subpart is a violation of
section 15 of the Act (15 U.S.C. 2614).
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(b) Failure or refusal to establish and
maintain records, or to permit access
to or copying of records as required by
section 11 of the Act (15 U.S.C. 2610) is
a violation of section 15 of the Act (15
U.S.C. 2614).

(c) Failure or refusal to permit entry
or inspection as required by section 11
of the Act (15 U.S.C. 2610) is a violation
of section 15 of the Act (15 U.S.C. 2614).

(d) Violators may be subject to the
civil and criminal penalties in section
16 of the Act (15 U.S.C. 2615) for each
violation.

(e) The Agency may seek to enjoin
the manufacture, import, processing,
or distribution in commerce of asbes-
tos-containing products in violation of
this subpart, or act to seize any asbes-
tos-containing products manufactured,
imported, processed, or distributed in
commerce in violation of this subpart,
or take any other actions under the au-
thority of section 7 or 17 of the Act (15
U.S.C. 2606 or 2616) that are appro-
priate. .

§763.176 Inspections.

The Agency will conduct inspections
under section 11 of the Act (15 U.S.C.
2610) to ensure compliance with this
subpart. '

§763.178 Recordkeeping.

(a) Inventory. (1) Each person who is
subject to the prohibitions imposed by
§§763.165 and 763.167 must perform an
inventory of the stock-on-hand of each
banned product as of the effective date
of the ban for that product for the ap-
plicable activity.

(2) The inventory shall be in writing
and shall include the type of product,
the number of product units currently
in the stock-on-hand of the person per-
forming the inventory, and the loca-
tion of the stock.

(3) Results of the inventory for a
banned product must be maintained by
the person for 3 years after the effec-
tive date of the §763.165 or §763.167 ban
on the product.

(b) Records. (1) Each person whose ac-
tivities are subject to the bans imposed
by §§763.165, 763.167, and 763.169 for a
product must, between the effective
date of the §763.165 or §763.167 ban on
the product and the §763.168 ban on the
product, keep records of all commer-

§763.179

cial transactions regarding the prod-
uct, including the dates of purchases
and sales and the quantities purchased
or sold. These records must be main-
tained for 3 years after the effective
date of the §763.169 ban for the product.

(2) Each person who is subject to the
requirements of §763.171 must, for each
product required to be labeled, main-
tain a copy of the label used in compli-
ance with §763.171. These records must
be maintained for 3 years after the ef-
fective date of the ban on distribution
in commerce for the product for which
the §763.171 requirements apply.

[54 FR 29507, July 12, 1989, as amended by 54
FR 46898, Nov. 8, 1989; 58 FR 34205, June 23,
1993]

§763.179 Confidential business infor-
mation claims.

(a) Applicants for exemptions under
§763.173 may assert a Confidential Busi-
ness Information (CBI) claim for infor-
mation in an exemption application or
supplement submitted to the Agency
under this subpart only if the claim is
asserted in accordance with this sec-
tion, and release of the information
would reveal trade secrets or confiden-
tial commercial or financial informa-
tion, as provided in section 14(a) of the
Act. Information covered by a CBI
claim will be treated in accordance
with the procedures set forth in 40 CFR
part 2, subpart B. The Agency will
place all information not claimed as
CBI in the manner described in this
section in a public file without further
notice to the applicant.

(b) Applicants may assert CBI claims
only at the time they submit a com-
pleted exemption application and only
in the specified manner. If no such
claim accompanies the information
when it is received by the Agency, the
information may be made available to
the public without further notice to
the applicant. Submitters that claim
information as business confidential
must do so by writing the word "‘Con-
fidential”” at the top of the page on
which the information appears and by
underlining, circling, or placing brack-
ets ([ ]} around the information
claimed CBI.

(c) Applicants who assert a CBI claim
for submitted information must pro-
vide the Agency with two copies of

767



Pt. 766

their exemption application. The first
copy must be complete and contain all
information being claimed as CBI. The
second copy must contain only infor-
mation not claimed as CBI. The Agen-
cy will place the second copy of the
submission in a public file. Failure to
furnish a second copy of the submission
when information is claimed as CBI in
the first copy will be considered a pre-
sumptive waiver of the claim of con-
fidentiality. The Agency will notify the
applicant by certified mail that a find-
ing of a presumptive waiver of the
claim of confidentiality has been made.
The applicant has 30 days from the
date of receipt of notification to sub-
mit the required second copy. Failure
to submit the second copy will cause
the Agency to place the first copy in a
public file.

(d) Applicants must substantiate aill
claims of CBI at the time the applicant
asserts the claim, i.e., when the exemp-
tion application or supplement is sub-
mitted, by responding to the questions
in paragraph (e) of this section. Failure
to provide substantiation of a claim at
the time the applicant submits the ap-
plication will result in a waiver of the
CBI claim, and the information may be
disclosed to the public without further
notice to the applicant.

(e) Applicants who assert any CBI
claims must substantiate all claims by
providing detailed responses to the fol-
lowing:

(1) Is this information subject to a
patent or patent application in the
United States or elsewhere? If so, why
is confidentiality necessary?

(2) For what period do you assert a
claim of confidentiality? If the claim is
to extend until a certain event or point
in time, please indicate that event or
time period. Explain why such informa-
tion should remain confidential until
such point.

(3) Has the information that you are
claiming as confidential been disclosed
to persons outside of your company?
Will it be disclosed to such persons in
the future? If so, what restrictions, if
any, apply to use or further disclosure
of the information?

(4) Briefly describe measures taken
by your company to guard against
undesired disclosure of the information

" 40 CFR Ch. I (7-1-99 Edition)

you are claiming as confidential to
others.

(5) Does the information claimed as
confidential appear or is it referred to
in advertising or promotional mate-
rials for the product or the resulting
end product, safety data sheets or
other similar materials for the product
or the resulting end product, profes-
sional or trade publications, or any
other media available to the public or
to your competitors? If you answered
yes, indicate where the information ap-
pears.

(6) If the Agency disclosed the infor-
mation you are claiming as confiden-
tial to the public, how difficult would
it be for the competitor to enter the
market for your product? Consider in
your answer such constraints as cap-
ital and marketing cost. specialized
technical expertise, or unusual proc-
esses.

(7) Has the Agency, another Federal
agency, or a Federal court made any
confidentiality determination regard-
ing this information? If so, provide cop-
ies of such determinations.

(8) How would your company’s com-
petitive position be harmed if the
Agency disclosed this information?
Why should such harm be considered
substantial? Describe the causal rela-
tionship between the disclosure and
harm.

(9) In light of section 14(b) of TSCA,
if you have claimed information from a
health and safety study as confidential,
do you assert that disclosure of this in-
formation would disclose a process
used in the manufacturing or proc-
essing of a product or information un-
related to the effects of asbestos on
human health and the environment? If
your answer is yes, explain.

PART 766—DIBENZO-PARA-

DIOXINS/DIBENZOFURANS
Subparnt A—General Provisions
Sec.
766.1 Scope and purpose,

766.2 Applicability and duration of this
part.

766.3 Definitions.

766.5 Compliance.

766.7 Submission of information.

766.10 Test standards.

766.12 Testing guidelines.
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Foreword

ISO (the International Organization for Standardization} is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through SO
_technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. international organizations, governmental
and non-governmental, in liaison with ISO, aiso take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
{IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting

a vote.

International Standard ISO 10312 was prepared by Technical Committee
{ISO/TC 146, Air quality, Subcommittee SC 3, Ambient atmospheres.

Annexes A, B, C, D, E and F form an integral part of this International
Standard. Annexes G, H and J are for information only.
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Introduction

This International Standard is applicable to the determination of airborne
asbestos in a wide range of ambient air situations, including the interior
atmospheres of buildings, and for detailed evaluation of any atmosphere
in which asbestos structures are likely to be present. Because the best
available medical evidence indicates that the numerical fibre concentration
and the fibre sizes are the relevant parameters for evaluation of the
inhalation hazards, a fibre counting technique is the only logical approach.
Most fibres in ambient atmospheres are not asbestos, and therefore there
is a requirement for fibres to be identified. Many airborne asbestos fibres
in ambient atmospheres have diameters below the resolution limit of the
optical microscope. This International Standard is based on transmission
electron microscopy, which has adequate resolution to allow detection of
small fibres and is currently the only technique capable of unequivocal
identification of the majority of individual fibres of asbestos. Asbestos is
often found, not as single fibres, but as very complex, aggregated struc-
tures which may or may not be also aggregated with other particles. The
fibres found suspended in an ambient atmosphere can often he identified
unequivocally, if a sufficient measurement effort is expended. However,
if each fibre were to be identified in this way, the analysis would become
prohibitively expensive. Because of instrumental deficiencies or because
of the nature of the particulate, some fibres cannot be positively identified
as asbestos, even though the measurements all indicate that they could
be asbestos. Subjective factors therefare contribute to this measurement,
and consequently a very precise definition of the procedure for identifica-
tion and enumeration of asbestos fibres is required. The method specified
in this International Standard is designed to provide the best description
possible of the nature, numerical concentration, and sizes of asbestos-
containing particles found in an air sample. This International Standard is
necessarily complex, because the instrumental techniques used are com-
plex, and also because a very detailed and logical procedure must be
specified to reduce the subjective aspects of the measurement. The
method of data recording specified in this International Standard is de-
signed to allow re-evaluation of the structure counting data as new med-
ical evidence becomes available. All of the feasible specimen preparation
techniques result in some modification of the airborne particulate. Even
the coffection of particles from a three-dimensional airborne dispersion
onto a two-dimensional filter surface can be considered a modification of
the particulate, and some of the particles in most samples are modified
by the specimen preparation procedures. However, the procedures spec-
ified in this International Standard are designed to minimize the disturb-
ance of the collected particulate material, and the effect of those
disturbances which do occur can be evaluated.

This International Standard describes the method of analysis for a single
air filter. However, one of the largest potential errors in characterizing
asbestos in ambient atmospheres is associated with the variability be-
tween filter samples. For this reason, it is necessary to design a replicate
sampling scheme in order to determine this International Standard's ac-
curacy and precision. :
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Ambient air — Determination of asbestos fibres —
Direct-transfer transmission electron microscopy

method

1 Scope

1.1 Substance determined

This International Standard specifies a reference
method using transmission electron microscopy for
the determination of the concentration of asbestos
structures in ambient atmospheres and includes
measurement of the lengths, widths and aspect ratios
of the asbestos structures. The method allows deter-
mination of the type(s) of asbestos fibres present. The
method cannot discriminate between individual fibres
of the asbestos and non-asbestos analogues of the
same amphibole mineral.

1.2 Type of sample

The method is defined for polycarbonate capillary-pore
filters or cellulose ester (either mixed esters of cellu-
lose or celiulose nitrate) filters through which a known
volume of air has been drawn. The method is suitable
for determination of asbestos in both exterior and
building atmospheres.

1.3 Measuring range

The range of concentration which can be determined
is 50 structures/mmz to 7 000 structures/mm2 on the
filter. The air concentrations represented by these
values are a function of the volume of air sampled.
There is no lower limit to the dimensions of asbestos
fibres which can be detected. In practice,
micrascopists vary in their ability to detect very smatl
asbestos fibres. Therefore, a minimum length of
0,5 um has been defined as the shortest fibre to be
incorporated in the reported resuits.

1.4 Limit of detection

The limit of detection theoretically can be lowered in-
definitely by filtration of progressively larger volumes
of air and by extending the examination of the speci-
mens in the electron microscope. In practice, the
lowest achievable limit of detection for a particular
area of TEM specimen examined is controlled by the
total suspended particulate concentration.

For total suspended particulate concentrations of ap-
proximately 10 pg/ma, corresponding to clean, rural
atmospheres, and assuming filtration of 4 000 litres
of air, an analytical sensitivity of 0.5 structure/l can be
obtained, equivalent to a limit of detection of 1,8
structurefl, if an area of 0,195 mm? of the TEM
specimens is examined. If higher total suspended
particulate concentrations are present, the volume of
air filtered must be reduced in order to maintain an
acceptable particulate loading on the fiiter, leading to
a proportionate increase in the analytical sensitivity.

Where this is the case, lower limits of detection can
be achieved by increasing the area of the TEM speci-
mens that is examined. In order to achieve lower
limits of detection for fibres and bundles longer than
5 um, and for PCM equivalent fibres, lower magni-
fications are specified which permit more rapid ex-
amination of larger areas of the TEM specimens when
the examination is limited to these dimensions of fi-
bre. The direct analytical method cannct be used if the
general particulate loading of the sample collection
filter exceeds approximately 10 pg/cmz of filter sur-
face, which corresponds to approximately 10 % cov-
erage of the collection filter by particulate. If the total
suspended particulate is largely organic material, the
limit of detection can be lowered significantly by using
an indirect preparation method.
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2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 4225:1994, Air quality — General aspects — Vo-
cabulary.

I1SO 4226:1993, Air quality — General aspects —
Units of measurement.

ISO Standard Handbook No. 2:1993, Quantities and
units.

SO Standard Handbook No. 3:1989, Statistical Meth-
ods.

3 Definitions

For the purposes of this International Standard, the
following definitions apply (see also iSO 4225).

3.1 acicular: The shape of an extremely slender
crystal with cross-sectional dimensions which are
small relative to its length, i.e. needle-like.

3.2 amphibole: A group of rock-forming
ferromagnesium silicate minerals, closely related in
crystal form and composition, with the nominal for-
mula: )

Ao OI' 1BzC5T8022(OH,F,CI)2
"~ where

A=K Na

B = Fe?*, Mn, Mg, Ca, Na

C = A, Cr, Ti, Fe®, Mg, Fe?*

T =Si, Al Cr, Fe**, Ti
In some varieties of amphibole, these elements can
be partially substituted by Li, Pb or Zn. Amphibole is
characterized by a cross-linked double chain of Si-O
tetrahedra with a silicon:oxygen ratio of 4:11, by co-

lumnar or fibrous prismatic crystals and by good
prismatic cleavage in two directions parailel to the

LRI

crystal faces and intersecting at angles of about 562 -
and 124° :

3.3 amphibole asbestos: Amphibole in an

asbestiform habit.

3.4 analytical sensitivity: The calculated airborne
asbestos structure concentration in asbestos
structures/litre, equivalent to counting of one
asbestos structure in the analysis. The method in this
International Standard does not specify an analytical
sensitivity.

3.5 asbestiform: A specific type of mineral fibrosity
in which the fibres and fibrils possess high tensile
strength and flexibility.

3.6 asbestos: A term applied to a group of silicate
minerals belonging to the serpentine and amphibole
groups which have crystallized in the asbestiform
habit, causing them to.be easily separated into long,
thin, strong fibres when crushed or processed. The
Chemical Abstracts Service Registry Numbers of the
most common asbestos varieties are: chrysotile

{12001-29-5), crocidolite (12001-28-4), grunerite
asbestos (amosite} (12172-73-B), anthophyllite
asbestos (77536-67-5), tremolite asbestos

(77536-68-6) and actinolite asbestos (77536-66-4).

3.7 asbestos structure: A term applied to any con-
nected or overlapping grouping of asbestos fibres or
bundles, with or without other particles.

3.8 aspect ratio: The ratio of length to width of a
particle.

3.9 blank: A structure count made on TEM speci-
mens prepared from an unused filter, to determine
the background measurement.

3.10 camera length: The equivalent projection
length between the specimen and its electron dif-
fraction pattern, in the absence of lens action.

3.11 chrysotile: A fibrous mineral of the serpentine
group which has the nominal composition

MgsSi,05(OH),

Most natural chrysotile deviates little from this nomi-
nal composition. In some varieties of chrysotile, minor
substitution of silicon by A”®** may occur. Minor sub-
stitution of magnesium by AP*, Fe?*, Fed*, Ni%¥,
Mn2* and Co®* may also be present. Chrysotile is the
most prevalent type of asbestos.

3.12 cleavage: The breaking of a mineral along one
of its crystallographic directions.
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3.13 cleavage fragment: A fragment of a crystal
that is bounded by cleavage faces.

3.14 cluster: A structure in which two or more fi-
bres, or fibre bundles, are randomly oriented in a
connected grouping.

3.15 d-Spacing: The distance between identical ad-
jacent and parallel planes of atoms in a crystal.

3.16 electron diffraction: A technique in electron
microscopy by which the crystal structure of a speci-
men is examined.

3.17 electron scattering power: The extent to
which a thin layer of substance scatters electrons
from their original directions.

3.18 energy dispersive X-ray analysis: Measure-
ment of the energies and intensities of X-rays by use
of a solid state detector and multichannel analyser

system.

3.19 eucentric: The condition when the area of in-
terest of an object is placed on a tilting axis at the
intersection of the electron beam with that axis and
is in the plane of focus.

3.20 field blank: A filter cassette which has been
taken to the sampling site, opened, and then closed.
Such a filter is used to determine the background
structure count for the measurement.

3.21 fibril: A single fibre of asbestos, which cannot
be further separated longitudinally into smaller com-
ponents without losing its fibrous properties or ap-
pearances.

3.22 fibre: An elongated particle which has parallel
or stepped sides. For the purposes of this Interna-
tional Standard, a fibre is defined to have an aspect
ratio equal to or greater than 5:1 and a minimum
length of 0,5 pm.

3.23 fibre bundle: A structure composed of parallel,
smaller diameter fibres attached along their lengths.
A fibre bundle may exhibit diverging fibres at one or
both ends.

3.24 fibrous structure: A fibre, or connected
grouping of fibres, with or without other particles.

3.25 habit: The characteristic crystal growth form,
{or combination of these forms), of a mineral, includ-
ing characteristic irregularities.

3.26 limit of detection: The calculated airborne
asbestos structure concentration in structures per i
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tre, equivalent to counting 2,99 asbestos structures in
the analysis.

3.27 matrix: A structure in which one or more fi-
bres, or fibre bundles, touch, are attached to, or par-
tially concealed by, a single particle or connected
group of nonfibrous particles.

3.28 Miller index: A set of either three or four inte-
ger numbers used to specify the orientation of a
crystalloegraphic plane in relation to the crystal axes.

3.29 PCM equivalent fibre: A fibre of aspect ratic
greater than or equal to 3:1, longer than 5 um, and
which has a diameter between 0,2 pm and 3,0 pm.

3.30 PCM equivalent structure: A fibrous structure
of aspect ratio greater than or equal te 3:1, longer
than &5 pm, and which has .a diameter between
0,2 um and 3,0 pm.

3.31 primary structure: A fibrous structure that is
a separate entity in the TEM image.

3.32 replication: A procedure in  electron
microscopy specimen preparation in which a thin
copy, or replica, of a surface is made.

3.33 selected area electron diffraction: A tech-
nique in electron microscopy in which the crystal
structure of a small area of a sample is examined.

3.34 serpentine: A group of common rock-forming
minerals having the nominal formula

MgsSi,O05(OH),

3.35 structure: A single fibre, fibre bundle, cluster
or matrix.

3.36 twinning: The occurrence of crystals of the
same species joined together at a particular mutual
orientation, such that the relative orientations are re-
lated by a definite law.

3.37 unopened fibre: An asbestos fibre bundle of
large diameter which has not been separated into its
constituent fibrils or fibres.

3.38 =zone-axis: The line or crystallographic direction
through the centre of a crystal which is parallel to the
intersection edges of the crystal faces defining the
crystal zone.

4 Principle

A sample of airborne particulate is collected by draw-
ing a measured volume of air through either a
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capillary-pore polycarbonate membrane filter of maxi-
mum pore size 0,4 ym or a cellulose ester (either
mixed esters of cellulose or cellulose nitrate} mem-
brane filter of maximum pore size 0,45 pm by means
of a battery-powered ar mains-powered pump. TEM
specimens are prepared from polycarbonate filters by
applying a thin film of carbon to the filter surface by
vacuum evaporation. Small areas are cut from the
carbon-coated filter, supported on TEM specimen
grids, and the filter medium is dissolved away by a
solvent extraction procedure. This procedure leaves a
thin fitm of carbon which bridges the openings in the
TEM specimen grid, and which supports each particle
from the original filter in its original position. Cellulose
ester filters are chemically treated to collapse the pore
structure of the filter, and the surface of the collapsed
fiter is then etched in an oxygen plasma to ensure
that all particles are exposed. A thin film of carbon is
evaporated onto the filter surface and small areas are
cut from the filter. These sections are supported on
TEM specimen grids and the filter medium is dis-
solved away by a solvent extraction procedure.

The TEM specimen grids from either preparation
method are examined at both low and high magni-
fications to check that they are suitable for analysis
before carrying out a quantitative structure count on
randomly-selected grid openings. In the TEM analysis,
electron diffraction (ED) is used to examine the crystal
structure of a fibre, and its elemental composition is
determined by energy dispersive X-ray analysis
{EDXA). For a number of reasons, it is not possible to
identify each fibre unequivocally, and fibres are clas-
sified according to the techniques which have been
used to identify them. A simple code is used to re-
cord, for each fibre, the manner in which it was clas-
sified. The fibre classification procedure is based on
successive inspection of the morphology, the electron
diffraction pattern for a selected area, and the qual-
itative and quantitative energy dispersive X-ray ana-
lyses. Confirmation of the identification of chrysotile
is done only by quantitative ED, and confirmation of
amphibole is done only by quantitative EDXA and
quantitative zone axis ED.

In addition to isolated fibres, ambient air samples of-
ten contain more complex aggregates of fibres, with
or without other particles. Some particles are com-
posites of asbestos fibres with other materials. Indi-
vidual fibres and structures that are more complex are
referred to as “asbestos structures”. A coding system
is used to record the type of fibrous structure, and to
provide the optimum description of each of these
complex structures. The two codes remove the re-
quirement to interpret the structure counting data
from the microscopist, and allow this evaluation to be
made later without the requirement for re-
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examination of the TEM specimens. Several levels of .
analysis are specified, the higher levels providing &
more rigorous approach to the identification of fibres:.
The procedure permits a minimum required fibre
identification criterion to be defined on the basis of
previous knowledge, or lack of it, about the particular
sample. Attempts are then made to achieve this min-
imum criterion for each fibre, and the degree of suc-
cess is recorded for each fibre. The lengths and
widths of all classified structures and fibres are re-
corded. The number of asbestos structures found on
a known area of the microscope sample, together
with the equivalent volume of air filtered through this
area, is used to calculate the airborne concentration
in asbestos structures/litre of air.

5 Symbols of units and abbreviations

5.1 Symbols of units (see also ISO 4226 and
ISO No. 2)
eV = electron voit

kV = kilovolt

I/min = litres per minute

Kg = microgram {10-6 gram)
pm = micrometre (10~6 metre)
nm = nanometre (102 metre)
W = watt

5.2 Abbreviations

DMF Dimethylformamide

DE Electron diffraction

EDXA Energy dispersive X-ray analysis
FWHM  Full width, half maximum

HEPA High efficiency particle absolute

MEC Mixed esters of cellulose

PC Polycarbonate

PCM Phase contrast optical microscopy

SAED  Selected area electron diffraction

SEM Scanning electran microscope

STEM  Scanning transmission electron microscop

TEM Transmission electron microscope
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6 Reagents

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade and water
(6.1).

WARNING — Use the reageﬁts in accordance with
the appropriate health and safety regulations.

6.1 water, fibre-free.

A supply of freshly distilled, fibre-free water, or an-
other source of fibre-free, pyrogen-free water shall be
used.

6.2 Chloroform, analytical grade, distilled in glass,
preserved with 1 % (VWV} ethanol.

6.3 1-Methyl-2-pyrrolidone.
6.4 Dimethylformamide.
6.5 Glacial acetic acid.

6.6 Acetone.

7 Apparatus

7.1 Air sampling — Equipment and
consumable supplies

7.1.1 Filter cassette

Field monitors, comprising 25 mm to 50 mm diam-
eter three-piece cassettes, with cowls which project
less than 2 cm in front of the filter surface shall be
used for sample collection. The cassette shall be
loaded with either a capillary pore polycarbonate filter
of maximum pore size 0,4 pm or an MEC or celiulose
nitrate filter of maximum pore size 0,45 um. Either
type of filter shall be backed by a 5 um pore size MEC
or cellulose nitrate filter, and supported by a cellulose
back-up pad. When the filters are in position, an elas-
tic cellulose band or adhesive tape shall be applied to
prevent air leakage. Suitable precautions shall be
taken to ensure that the filters are tightly clamped in
the assembly, so that significant air leakage around
the filter cannot occur.

Representative filters from the fiiter lot shall be ana-
lysed as specified in 9.7 for the presence of ashestos
structures before any are used for air sample col-
lection.

ISO 10312:1995(E)

7.1.2 Sampling pump

The sampling pump shall be capable of a flow-rate
sufficient to achieve the desired analytical sensitivity.
The face velocity through the filter shall be between
4,0 cmfs and 25.0 cmfs. The sampling pump used
shall provide a2 non-fluctuating airflow through the fil-
ter, and shall maintain the initial volume flow-rate to
within + 10 % throughout the sampling period. A
constant flow or critical orifice controlled pump meets
these requirements. Flexible tubing shall be used to
connect the filter cassette to the sampling pump. A
means for calibration of the flow-rate of each pump is
also required.

7.1.3 Stand

A stand shall be used to hold the filter cassette at the
desired height for sampling, and shall be isolated from
the vibrations of the pump (7.1.2).

7.1.4 Variable area flowmeter

A calibrated variable are a flowmeter with a range of
approximately 1 }fmin to 10 I/min is required for cali-
bration of the air sampling system.

The variable area flowmeter shall be cleaned before
use to avoid transfer of asbestos contamination from
the flowmeter to the sample being collected.

7.2 Specimen preparation laboratory

Asbestaos, particularly chrysotile, is present in varying
quantities in many laboratory reagents. Many building
materials also contain significant amounts of asbestos
or other mineral fibres which may interfere with the
analysis if they are inadvertently introduced during
preparation of specimens. It is most important to en-
sure that, during preparation, contamination of TEM
specimens by any extraneous asbestos fibres is min-
imized. All specimen preparation steps shall therefore
be performed in an environment where contamination
of the sample is minimized. The primary requirement
of the sample preparation laboratory is that a blank
determination shall yield a result which will meet the
requirements specified in 9.7. A minimum facility
considered suitable for preparation of TEM specimens
is a laminar flow hood with positive pressure. How-
ever, it has been established that work practices in
specimen preparation appear to be more important
than the tape of clean handling facilities in use. Prep-
aration of sampies shall be carried out only after ac-
ceptable blank values have been demonstrated.

NOTE 1 it is recommended that activities involving ma-
nipulation of bulk asbestos samples not be performed in the
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same area as TEM specimen preparation, because of the
possibilities of contaminating the TEM specimens.

7.3 Equipment for analysis
7.3.1 Transmission electron microscope

A TEM operating at an accelerating potential of
80kV to 120kV, with a resolution better than
1.0 nm, and a magnification range of approximately
x 300 to x 100 000 shall be used. The ability to obtain
a direct screen magnification of about x 100 000 is

© IS0

necessary for inspection of fibre morphology: thisw:.
magnification may be obtained by supplementary op "
tical enlargement of the screen image by use of 3
binocular if it cannot be obtained directly. it is also
required that the viewing screen of the microscope
be calibrated such that the lengths and widths of fibre
images down to 1 mm width can be measured in in-
crements of 1 mm, regardless of image orientation.
This requirement is often fulfilled through the use of
a fluorescent screen with calibrated gradations in the
form of circles, as shown in figure 1.

Figure 1 — Example of calibration markings on TEM viewing screen
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For Bragg angles less than 0,01 rad, the TEM shall be
capable of performing ED from an area of 0,6 umz or
less, selected from an in-focus image at a screen
magnification of x 20 000. This performance require-
ment defines the minimum separation between parti-
cles at which independent ED patterns can be
obtained from each particle. If SAED is used, the
performance of a particular instrument may normally
be calculated using the following equation

2
A =0,785 4 x ( 2 oooc593)

M
where

A is the effective SAED area, in square
micrometres;

D is the diameter, in micrometres, of the
SAED aperture;
is the magnification of the objective lens;

C, is the spherical aberration coefficient, in
millimetres, of the objective lens;

] is the maximum required Bragg angle, in

radians.

It is not possible to reduce the effective SAED area
indefinitely by the use of pragressively smaller SAED
apertures, because there is a fundamental limitation
imposed by the spherical aberration coefficient of the
objective lens.

If zone-axis ED analyses are to be performed, the
TEM shall incorporate a goniometer stage which per-
mits the TEM specimen to be either

a} rotated through 360°, combined with tilting
through at least + 30° to — 30° about an axis in
the plane of the specimen;

b) tilted through at least + 30° to — 30° about two
perpendicutar axes in the plane of the specimen.

The analysis is greatly facilitated if the goniometer
permits eucentric tilting, although this is not essential.
If EDXA and zone-axis ED are required on the same
fibre, the goniometer shall be of a type which permits
tilting of the specimen and acquisition of EDXA spec-
tra without changing the specimen holder.

The TEM shall have an illumination and condenser
lens system capable of forming an electron probe of
diameter less than 250 nm.

NOTE 2 Use of an anti-contamination trap around the
specimen is recommended if the required instrumental
performance is to be obtained.

ISO 10312:1995(E)

7.3.2 Energy dispersive X-ray analyser

The TEM shall be equipped with an energy dispersive
X-ray analyser capable of achieving a resolution better
than 180 eV (FWHM} on the MnKea. Since the per-
formance of individual combinations of TEM and
EDXA equipment is dependent on a number of ge-
ometrical factors, the required performance of the
combination of the TEM and X-ray analyser is speci-
fied in terms of the measured X-ray intensity obtained
from a fibre of small diameter, using a known electron
beam diameter. Solid state X-ray detectors are least
sensitive in the low energy region, and so measure-
ment of sodium in crocidolite shall be the perform-
ance criterion. The combination of electron
microscope and X-ray analyser shall yield, under rou-
tine analytical conditions, a background-subtracted
NaKa integrated peak count rate of more than 1 count
per second (cps) from a fibre of UICC crocidolite,
50 nm in diameter or smaller, when irradiated by an
electron probe of 250 nm diameter or smaller at an
accelerating potential of 80 kV. The peak/background
ratio for this performance test shall exceed 1,0.

The EDXA unit shall provide the means for subtraction
of the background, identification of elemental peaks,
and calculation of background-subtracted peak areas.

7.3.3 Computer

Many repetitive numerical calculations are necessary,
and these may be performed conveniently by rels-
tively simple computer programmes. For analyses of
zone-axis ED pattern measurements, a computer with
adequate memory is required to accommodate the
more complex programmes involved.

7.3.4 Plasma asher

For preparation of TEM specimens from MEC filters,
a plasma asher, with a radio frequency power rating
of 50 W or higher, shall be used to etch the surface
of collapsed MEC filters. The asher shall be supplied
with a controlled oxygen flow, and shall be modified,
if necessary, to provide a valve to control the speed
of air admission so that rapid air admission does not
disturb particulates from the surface of the filter after
the etching step.

NOTE 3 It is recommended that filters be fitted to the

oxygen supply and the air admission line.

7.3.5 Vacuum coating unit

A vacuum coating unit capable of producing & vacuum
better than 0,013 Pa shall be used for vacuum de-
position of carbon on the membrane filters. A sample



ISO 10312:1995(E)

holder is required which will allow a glass microscope
slide to be continuously rotated during the coating

procedure.

NOTE4 A mechanism which also allows the rotating
slide to be tilted through.an angle of approximately 45°
during the coating procedure is recommended. A liquid ni-
trogen cold trap above the diffusion pump may be used to
minimize the possibility of contamination of the filter sur-
faces by il from the pumping system. The vacuum coating
unit may also be used for deposition of the thin film of gold,
or other calibration material, when it is required on TEM
specimens as an internal calibration of ED patterns.

7.3.6 Sputter coater

A sputter coater with a gold target may be used for
deposition of gold onto TEM specimens as an integral
calibration of ED patterns. Other calibration materials
are acceptable. Experience has shown that a sputter
coater allows better control of the thickness of the
calibration material.

7.3.7 Solvent washer (Jaffe washer)

The purpose of the Jaffe washer is to allow dissol-
ution of the filter polymer while leaving an intact
evaporated carbon film supporting the fibres and
other particles from the filter surface. One design of
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a washer which has been found satisfactory for varis"

ous solvents and filter media is shown in figure 2. Ir:
general, either chloroform or 1-methyl-2-pyrrolidone
has been used for dissolving polycarbonate filters and
dimethylformamide or acetone has been used for
dissolving MEC or cellulose nitrate filters. The higher
evaporation rates of chloroform and acetone require
that a reservoir of 10 mi to 50'ml of solvent be used,
which may need replenishment during the procedure.
Dimethylformamide and 1-methyi-2-pyrrolidone have
lower vapour pressures and much smaller volumes
of solvent may be used. It is recommended that all
washers be used in a fume hood, and when speci-
mens are not being inserted or removed, the Petri
dish lid shall be in place during the solvent dissolution.
The washer shall be cleaned before it is used for each
batch of specimens.

7.3.8 Condensation washer

For more rapid dissolution of the filter polymer, or if
difficulties are experienced in dissolving the filter
polymer, use a condensation washer, consisting of a
flask, condenser and cold finger assembly, with a
heating mantle and means for controliing the temper-
ature. A suitable assembly is shown in figure 3, using
either acetone or chloroform as the solvent, depend-
ing on the type of filter..

Dimensions in centimetres

Electron micrascope

F, specimens

Glass Petri dish
(2 100 mm x 15 mm}

Stainless steel mesh
bridge (50 mesh)

L——- Lens tissue

NOTE — Solvent is added until the meniscus contacts the underside of the stainless steel mesh bridge.

Figure 2 — Example of design of solvent washer (Jaffe washer)
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Condenser ———\

Specimen

2
M
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——) Water drain

Cold finger

(——— Cold water source

Solvent

( Thermostatically controlied
heating mantle

Figure 3 — Example of design of condensation washer

7.3.9 Slide warmer or oven
Use either a slide warmer or an oven for heating
slides during the preparation of TEM specimens from

MEE or cellulose nitrate filters. it is required to main-
tain a temperature of 65 °C to 70 °C.

7.3.10 Ultrasonic bath

An ultrasonic bath is necessary for cleaning the appa-
ratus used for TEM specimen preparation.

7.3.11 Carbon grating replica

A carbon grating replica with about 2 000 parallel lines
per millimetre shall be used to calibrate the magni-
fication of the TEM.

7.3.12 Calibration specimen grids for EDXA

TEM specimen grids prepared from dispersions of
calibration minerals are required for calibration of the

EDXA system. Some suitable calibration minerals are -

riebeckite, chrysotile, halloysite, phlogopite, wollas-
tonite and bustamite. The mineral used for calibration

of the EDXA system for sodium shall be prepared
using a gold TEM grid.

7.3.13 Carbon rod sharpener

The use of necked carbon rods, or equivalent, allows
the carbon to be evaporated onto the filters with a
minimum of heating.

7.3.14 Disposable tip micropipettes

A disposable tip micropipette, capable of transferring
a volume of approximately 30 y, is necessary for the
preparation of TEM specimen grids from MEC filters.

7.4 Consumable supplies

7.41 Copper electron microscope grids

Copper TEM grids with 200 mesh are recommended.
Grids which have grid openings of uniform size such
that they meet the requirement specified in 9.6.2 shall
be chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.
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7.4.2 Gold electron microscope grids

Gold TEM grids with 200 mesh are recommended to
mount TEM specimens when sodium measurements
are required in the fibre identification procedure. Grids
which have grid openings of uniform size such that
they meet the requirement specified in 9.6.2 shall be
chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.

7.4.3 Carbon rod electrodes

Spectrochemically pure carbon rods, shall be used in
the vacuum evaporator (7.3.5) during carbon coating
of filters.

7.4.4 Routine electron microscopy tools and
supplies

Fine-point tweezers, scalpel holders and blades, mi-
croscope slides, double-coated adhesive tape, lens
tissue, gold wire, tungsten filaments and other routine
supplies are required.

7.4.5 Reference asbestos samples

Asbestos samples, shall be for preparation of refer-
ence TEM specimens of the primary asbestos min-
erals. The UICC set of minerals is suitable for this
purpose.

8 Air sample collection

The desired analytical sensitivity is a parameter that
shall be established for the analysis prior to sample
collection. It is defined as the structure concentration
corresponding to the detection of one structure in the
analysis. For direct transfer methods of TEM speci-
men preparation, the analytical sensitivity is a function
of the volume of air sampled, the active area of the
collection filter, and the area of the TEM specimen
over which structures are counted. If total airborne
dust levels are high, it may be necessary to terminate
sampling befare the required volume has been sam-
pled. If this happens, the analytical sensitivity required
can be achieved only by counting structures on more
grid openings, or by selective concentration of
asbestos structures using an indirect TEM specimen
preparation technique. Select the sampling rate and
the period of sampling to yield the required analytical
sensitivity, as detailed in table 1. Before air samples
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are collected, unused filters shall be analysed as de- ..
scribed in 9.7 to determine the mean asbestos struc’ B
ture count for blank filters. S

Air samples shall be collected using filter cassettes
{7.1.1). During sampling, the cassette shall be sup-
ported on a stand (7.1.3) which is isolated from the
vibrations of the pump (7.1.2). The cassette shall be
held facing vertically downwards at a height of ap-
proximately 1,5 m to 2,0 m above ground/floor level,
and shall be connected to the pump with a flexible
tube. -

Measure the sampling flow-rate at the front end of
the cassette, both at the beginning and end of the
sampling period, using a calibrated variable area
flowmeter (7.1.4) temporarily attached to the inlet of
the cassette. The mean value of these two mea-
surements shall be used to calculate the total air voi-
ume sampled.

Basic strategies for monitoring environmental sources
of airborne asbestos are described in annex G. After
sampling, a cap shall be placed over the open end of
the cassette, and the cassette packed with the filter
face-upwards for return to the laboratory. Field blank
fitters shall also be included, as specified in 9.7, and
submitted to the remaining analytlcal procedures
along with the samples

NOTES

5 Intable 1 a collection filter area of 385 mm? is assumed,
and the TEM grid openings are assumed to be 85 pm?
square. The limit of detection is defined as the upper 95 %
confidence limit of the Poisson distribution for a count of
0 structures. In the absence of background, this is equal to
2,99 times the analytical sensitivity. Backgrounds that are
different from 0 observed during analysis of blank filters will
degrade the fimit of detection.

6 The analytical sensitivity S, expressed in number of
structures per litre, is calculated using the following
equation:

A

§=—t
KAV
where
A is the active area, in square milimetres, of
sample collection filter;

Aq is the mean area, in square millimetres, of grid
' openings examined;
k is the number of grid openings examined;
v is the volume of air sampled, in litres.
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Table 1 — Eialﬁples of the minimum number of grid openings required to achieve a particular analytical
sensitivity and limit of detection

:e':;"m‘;:"’ d';‘:;g;; | Volume of air sampled (itres)

structures/! structures/l 500 . 1 000 2 000 3 000 4 000 5 000
0,1 0,30 1 066 533 267 178 134 107
0.2 0,60 £33 267 134 89 67 54
0.3 0,90 356 178 89 60 45 36
0.4 1.2 267 134 67 45 34 27
0,5 15 214 107. 54 36 27 22
0,7 21 1563 77 39 26 20 16
1,0 3,0 107 54 27 18 14 11
2,0 6.0 54 27 14 9 7 6
3.0 8,0 36 18 9 6 5 4
4,0 12 27 14 7 5 4 4
50 16 22 1 6 4 4 4
7.0 21 16 8 4 4 4 4
10 30 1 6 4 4 4 4

9 - Procedure for analysis

9.1 General

The techniques used to prepare TEM specimens are
different for polycarbonate and cellulose ester filters.
The preparation method to be used shall be either 9.3
or 9.4, depending on the type of membrane filter used
for air sampling. Cleaning of the sample cassettes
before they are opened, preparation of the carbon
evaporator, criteria for acceptable specimen grids, and
the requirement for blank determinations are identical
for the two preparation techniques. TEM examination,
structure counting, fibre identification and reporting
of results are independent of the type of filter or
preparation technique used.

The ability to meet the blank sample criteria is de-
pendent on the cleanliness of equipment and sup-
plies. Consider all supplies such as microscope slides
and glassware as potential sources of ashestos con-
tamination. It is necessary to wash all glassware be-
fore it is used. Wash any tools or glassware which
come into contact with the air sampling filters or TEM
specimen preparations both before use and between
handling of individual samples. Where possible,
disposable supplies should be used.

9.2 Cleaning of sample cassettes

Asbestos fibres can adher to the exterior surfaces of
air sampling cassettes, and these fibres can be inad-

ventently transferred to the sample during handling.
To prevent this possibility of contamination, and after
ensuring that the cassette is tightly sealed, wipe the
exterior surfaces of each sampling cassette before it
is placed in the clean facility or laminar flow hood.

9.3 Direct preparation of TEM specimens
from polycarbonate filters

9.3.1 Selection of filter area for carbon coating

Use a cleaned microscope slide to support represen-
tative portions of polycarbonate filter during the car-
bon evaporation. Double-coated adhesive tape is used
to attach the filter portions to the glass slide. Take
care not to stretch the polycarbonate filters during
handling. Using freshly cleaned tweezers, remove the
polycarbonate filter from the sampling cassette, and
place it on to a second cleaned glass microscope slide
which is used as a cutting surface. Using a freshly
cleaned curved scalpel blade, cut the filter by rocking
the blade from the point, pressing it into contact with
the filter. Repeat the process as necessary. Several
such portions may be mounted on the same micro-
scope slide. The scalpel blade and tweezers shall be
washed and dried between the handling of each filter.
Identify the filter portions by writing on the glass slide.

9.3.2 Carbon coating of filter portions

Place the glass slide holding the filter portions on the
rotation-tilting device, approximately 10 cm to 12 cm
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from the evaporation source, and evacuate the
evaporator chamber (7.3.5) to a vacuumn better than
0,013 Pa. The evaporation of carbon shall be per-
formed in very short bursts, separated by a few sec-
onds to allow the electrodes to cool. |f evaporation
of carbon is too rapid, the strips of polycarbonate filter
will begin to curl, and cross-linking of the surface will
occur. This cross-linking procedures a layer of polymer
which is relatively insoluble in organic solvents, and it
will not be possible to prepare satisfactory TEM
specimens. The thickness of carbon required is de-
pendent on the size of particles on the filter, and ap-
proximately 30 nm to 50 nm has been found to be
satisfactory. If the carbon film is too thin, large parti-
cles will break out of the film during the later stages
of preparation, and there will be few complete and
undamaged grid openings on the specimen. Too thick
a carbon film will lead to a TEM image which is lack-
ing in contrast, and the ability to obtain ED patterns
will be compromised. The carbon film thickness
should be the minimum possible, while retaining most
of the grid openings of the TEM specimen intact.

9.3.3 Preparation of the Jaffe washer

Place several pieces of lens tissue, as shown in
figure2, on the stainless steel bridge {7.1.3) and fill
the washer (see 7.3.7) with chloroform (6.2) or
1-methyl-2-pyrrolidone {6.3) to a level where the
meniscus contacts the underside of the mesh, re-
sulting in saturation of the lens tissue.

9.3.4 Placing of specimens in the Jaffe washer

Using a curved scalpel blade, cut three 3 mm square
pleces of carboncoated polycarbonate filter form the
carbon-coated filter partion. Select three squares to
represent the centre and the periphery of the active
surface of the filter. Place each square of filter, carbon
side up, on a TEM specimen grid, and place the grid
and filter on the saturated lens tissue in the Jaffe
washer. Place the three specimen grids from one
sample on the same piece of lens tissue. Any number
of separate pieces of lens tissue may be placed in the
same Jaffe washer. Cover the Jaffe washer with the
lid, and aflow the washer to stand for at least 8 h.

NOTE 7 It has been found that some polycarbonate fil-
ters will not completely dissolve in the Jaffe washer, even
after exposure to chioroform for as long as 3 d. This prob-
lem is more severe if the surface of the filter was over-
heated during the carbon evaporation. It has been found
that the prablem of residual undissolved filter polymer can
be overcome in several ways:

a) condensation washing of the grids, using chloroform as
the solvent, after the initial Jaffe washer treatment, can
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often remove much of the residual filter medium in a..

period of approximately 30 min. To carry out this prc’
cedure, transfer the piece of lens tissue supporting the-
specimen grids to the cold finger of the condensation
washer {7.3.8), which has achieved stable operating
conditions. Operate the washer for approximately
30 min after inserting the grids;

b) used in a Jaffe washer, 1-methyl-2-pyrrolidone has been
found to be a more effective solvent than chicroform
for polycarbonate filters. This solvent is more effective
if the lens paper is not used and grids are placed di-
rectly on the stainless steel mesh of the Jaffe washer.
A dissolution period of 2 h to 6 h has been found to be
satisfactory. After dissolution is complete, remove the
stainless steel mesh from the -Jaffe washer and allow
the grids to dry. 1-methyl-2-pyrrolidone evaporates very
slowly. If it is required to dry the grids more rapidly,
transfer the stainless steel bridge into another Petri
dish, and add water (6.1) until the meniscus contacts
the underside of the mesh. After approximately
16 min, remove the mesh and allow the grids to dry. If
it is desired to retain water-soluble particle species on
the TEM grids, ethanol may be used instead of water
(6.1} for the second wash;

cl a mixture of 20% 1,2-diaminoethane
[ethylenediamine] and 80 % 1-methyl-2-pyrrolidone,
used in a Jaffe washer, completely dissolves
polycarbonate filters in 15 min, even if the surface of
the filter has been overheated.. To use this solven*
place the grids directly on the stainless steel mesh ¢
the Jaffe washer, do not use the lens paper. After a
period of 15 min, transfer the stainless steel bridge into’
another Petri dish, and add water (6.1) untii the
meniscus contacts the underside of the mesh. After
approximately 15 min, remove the mesh and allow the
grids to dry. if it is desired to retain water-soluble par-
ticle species on the TEM grids, ethanol may be used
instead of water (6.1} for the second wash.

9.3.5 Rapid preparation of TEM specimens from
PC filters

TEM specimens can be prepared rapidly from PC fil-
ters, if desired, by washing for approximately 1 hin a
Jaffe washer, followed by washing for 30 min in a
condensation washer using chloroform as the solvent.
The alternative filter dissolution procedures described
in note 7 may also be used.

9.4 Direct preparation of TEM specimens
from cellulose ester filters

9.4.1 Selection of area of filter for preparation

Using clean tweezers, remove the filter from the filte
cassette, and place it on a cleaned microscope slide
Using a clean, curved scalpel blade, cut out a portion
of the filter.
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9.4.2 Preparation of solution for collapsing
cellulose ester filters

Mix 35 ml of dimethylformamide (6.4}, and 15 ml of
glacial acetic acid {6.5) with 50 ml of water (6.1). Store
this mixture in a clean bottle, The mixture is stable
and suitable for use for up to 3 months after prepara-

tion.

9.4.3 Filter collapsing procedure

Using a micropipette with a disposable tip (7.3.14),
place 15 pl/cmz to 25 pl/cmz of the solution prepared
in 9.4.2 on a cleaned microscope slide, and using the
end of the pipette tip, spread the liquid over the area
to be occupied by the filter portion. Place the filter
portion, active surface upwards, on top of the sol-
ution, lowering the edge of the filter at an angle of
about 20° so that air bubbles are not created. Remove
any solution not absorbed by the filter by allowing a
paper tissue to contact the liquid at the edge of the
filter. More than one filter -portion may be placed on
one slide. Place the slide either on a thermostatically
controlled slide warmer (7.3.9) at a temperature of
65 °C to 70 °C, or in an oven {7.3.9) at this temper-
ature, for 10 min. The filter collapses slowly to about
15 % of its original thickness. The procedure leaves
a thin, transparent polymer film, with particles and fi-
bres embedded in the upper surface.

9.4.4 Plasma etching of the filter surface

The optimum conditions and time for plasma etching
{see 7.3.4) have been determined experimentally from
the recovery of fine chrysotile fibrils on 0,8 um pore
size MEC filters. The conditions required in a particular
plasma asher shail be established using the procedure
specified in annex A. Place the microscope slide
holding the collapsed filter portions in the plasma
asher, and etch for the time and under the conditions
determined. Take care to ensure that the correct
conditions are respected. After etching, admit air
slowly to the chamber and remove the microscope

slide.

Adjust the air admission. valve of the plasma asher

such that the time taken for the chamber to reach at-
mospheric pressure exceeds 2 min. Rapid air admis-
sion may disturb particulates on the surface of the
etched filter.

9.45 Carbon coating

Coat the microscope slide holding the collapsed filter
portions with carbon as specified in 9.3.2.

ISO 10312:1995(E)

9.4.6 Preparation of the Jaffe washer

Place several pieces of lens tissue on the stainless
steel bridge, and fil the washer with
dimethylformamide {6.4) or acetone (6.6) to a level
where the meniscus contacts the underside of the
mesh, resulting in saturation of the lens tissue.

9.4.7 Placing of specimens in the Jaffe washer

Place the specimens in the Jaffe washer as specified
in 9.3.4. Specimens are normally cleared after ap-
proximately 4 h.

9.4.8 Rapid preparation of TEM specimens from
cellulose ester filters

An alternative washing procedure may be used to
prepare TEM specimens from cellulose ester filters
more rapidly than can be achieved by the Jaffe
washing procedure. After the specimens have been
washed in a Jaffe washer for approximately 1 h,
transfer the piece of lens tissue supporting the
specimens to the cold finger of a condensation
washer (7.3.8) operating with acetone as the solvent
because dimethylformamide shall not be used in a

' condensation washer. Operate the condensation

washer for approximately 30 min. This treatment re-
moves all the remaining filter polymer.

9.5 Criteria for acceptable TEM specimen
grids

Valid data cannot be obtained unless the TEM speci-
mens meet specified quality criteria. Examine the
TEM specimen grid in the electron microscope at a
sufficiently low magnification {x 300 to x 1 000) for
complete grid openings to be inspected. Reject the
grid if

a) the TEM specimen has not been cleared of filter
medium by the filter dissolution step. If the TEM
specimen exhibits areas of undissolved filter me-
dium, and if at least two of the three specimen
grids are not cleared, either additional washing
with solvent shall be carried out, or new speci-
mens shall be prepared from the filter;

b} the sample is overicaded with particulate. If the
© specimen grid exhibits more than approximately
10 % obscuration on the majority of the grid
apenings, the specimen shall be designated as
overloaded. This filter cannot be alanysed satis-
factorily using the direct preparation methods be-
cause the grid is toc heavily loaded with debris to
allow separate examination of individual particles
by ED and EDXA, and obscuration of fibres by

it
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other particulates may lead to underestimation of
the asbestos structure count;

¢} the particulate deposits on the specimen are not
uniformly distributed from one grid opening to the
next. If the particulate deposits on the specimen
are obviously not uniform from one grid opening
to the next, the specimen shall be designated as
non-uniform. This condition is a function either of
the air sampling conditions or of the fundamental
nature of the airborne particulate. Satisfactory
analysis of this filter may not be possible unless
a large number of grid openings is examined;

d) the TEM grid is too heavily loaded with fibrous
structures to make an accurate count. Accurate
counts cannot be made if the grid has more than
approximately 7 000 structures/mmzz or

e} more than approximately 25% of the grid
openings have broken carbon film over the whole
grid opening. Since the breakage of carbon film is
usually more frequent in areas of heavy deposit,
counting of the intact openings can lead to an
underestimate of the asbestos structure count.

NOTE 8 If the specimens are rejected because un-
acceptable numbers of grid openings exhibit broken
carbon replica, an additional carbon coating may be ap-
plied to the carbon coated filter, and new specimen
grids prepared. The larger particles can often be sup-
ported by using a thicker carbon film. If this action does
not produce acceptable specimen grids, this filter can-
not be analysed using the direct preparation methods.

If one or more of the conditions described in b), c),
d) or e) exists, it may not be possible to analyse the
sample by this method.

9.6 Procedure for structure counting by TEM

9.6.1 General

The examination consists of a count of asbestos
structures which are present on a specified number
of grid openings. Fibres are classified into groups on
the basis of morphological observations, ED patterns
and EDXA spectra. The total number of structures to
be counted depends on the statistical precision de-
sired. In the absence of asbestos structures, the area
of the TEM specimen grids which must be examined
depends on the analytical sensitivity required. The
precision of the structure count depends not only on
the total number of structures counted, but also on
their uniformity from one grid opening to the next.
Additional structure counting will be necessary if
greater precision is required.
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in order that the estimate of the Structure density on .

the sampling filter shall not be based on the smalf.
area represented by one specimen grid, grid openings\“
shall be examined on two of the three specimen grids
prepared. Then combine the results in the calculation
of the structure. density. Structure counts shall be
made at a magnification of approximately x 20 000,
and shall be terminated at the end of the examination
of the grid opening on which the 100th asbestos
structure is observed, except that the count shall be
continued until a minimum of 4 grid openings have
been examined. Otherwise, the structure count shall
continue to that number of grid openings at which the
specified analytical sensitivity has been achieved.

NOTES The normal range for the number of grid
openings which should be examined is from 4 to 20. If in-
sufficient air has been sampled through the filter, the cal-
culation in 9.6.4 can indicate that an impractically farge
number of grid openings should be examined. When this
situation occurs, a larger value of analytical sensitivity may
have to be accepted.

9.6.2 Measurement of mean grid opening area

The mean grid opening area shall be measured for the
type of TEM specimen grids in use. The standard de-
viation of the mean of 10 openings selected from 10
grids should be less than 5 %. As an optional proce-
dure, or if the 5 % standard deviation criterion cannot
be demonstrated, the dimensions of each grid open-
ing examined in the TEM shall be measured at a cali-
brated magnification.

9.6.3 TEM alignment and calibration‘procedui'es

Before structure counting is performed, align the TEM
according to instrumental specifications. Calibrate the
TEM and EDXA system according to the procedures
specified in annex B.

9.6.4 Determination of stopping paint

Before structure counting is begun, calculate the area
of specimen to be examined in order to achieve the
selected analytical sensitivity. Calculate the maximum
number of grid openings to be examined using the
following equation:

k= Axf/s
Aq
where
k is the number of grid openings to be ex

amined, rounded upwards to the next
highest integer:
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A is the area, in square millimetres, of sam-
ple filter;
Aq is the area, in square millimetres, of TEM
specimen grid opening;
1% is the volume of air sampled, in litres;
S is the required analytical sensitivity, ex-

pressed in number of structures per litre.

9.6.5 General procedure for structure counting
and size analysis

Use at least two specimen grids prepared from the
filter in the structure count. Select at random several
grid openings from each grid, and combine the data
in the calculation of the resuits.

Use a form similar to that shown in figure 4 to record
the data. Insert the first specimen grid into the TEM.

NOTE 10 In order to facilitate quality assurance mea-
surements which require re-examination of the same grid
opening by different microscopists, the grid should be in-
serted into the specimen holder in a standard orientation
with the grid bars parallel and perpendicular to the axis of
the specimen holder. This will provide scan directions par-
allel to the edges of the grid opening. It should be ensured
that all microscopists begin scanning at the same starting
point on the grid opening, and that they use similar scan
patterns. This procedure permits rapid relocation of fibrous
structures for further examination if necessary.

Select a typical grid opening and set the screen mag-
nification to the calibrated value (approximately
x 20 000). Adjust the sample height until the features
in the centre of the TEM viewing screen are at the
eucentric point. Set the goniometer tilt angle to zero.
in column 1 of the data recording form, record the
number or letter used to identify the grid. In column
2, record the identification of the particular grid open-
ing. Position the specimen so that the grid opening is
positioned with one corner visible on the screen.
Move the image by adjustment of only one translation
control, carefully examining the sample for fibres, until
the opposite side of the grid opening is encountered.
Move the image by a predetermined distance less
than one screen diameter, using the other translation
control, and scan the image in the reverse direction.
Continue the procedure in this manner until the entire
grid opening has been inspected in a pattern similar
to that shown in figure 5. When a fibrous structure is
detected, assign a sequential number to the primary
structure in column 3, perform the identification pro-
cedures required as detailed in annex E, and enter the
appropriate compositional classification on the struc-
ture counting form in column 5. Assign a
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morphological classification to the structure according
to the procedures specified in annex D, and record
this in column 6. Measure on the TEM viewing screen
the length and width of the image of the primary
structure, in millimetres, and record these mea-
surements in columns 7 and 8. For a disperse cluster
or matrix, assign a compositional classification and a
morphological classification to each structure compo-
nent, measure the length and width, and enter the
data in columns 4 to 8. Use column 4 of the data re-
cording form to tabulate the sequential number of
total structures taking into account structure compo-
nents. if non-asbestos fibres are observed, note their
presence and type, if known. After a fibrous structure
has been examined and measured, relocate the orig-
inal field of view accurately before continuing scan-
ning of the specimen. Failure to do this may cause
structures to be overlooked or counted twice. Con-
tinue the examination until the completion of the grid
opening on which the 100th asbestos structure has
been recorded, or until the number of grid openings
required to achieve the specified analytical sensitivity,
calculated according to 9.6.4, have been examined
whichever occurs first. The data shall be drawn ap-
proximately equally from a minimum of two grids.
Regardless of the value calculated according to 9.6.4,
fibrous structures on a minimum of four openings
shall be counted.

9.6.6 Measurement of concentration for asbestos
fibres and bundles longer than 5 um

Consider improving the statistical validity for meas-
urement of asbestos fibres and bundies longer than
5 upm by additional examination at a lower magnifica-
tion, taking account only of the longer fibres and
bundles. Perform this extended examination for fibres
and bundles longer than 5 um in accordance with the
procedures specified in annex E. Use a magnification
of approximately x 10 000 for counting ail asbestos
fibres and bundles longer than 5 um, or approximately
x 5 000 if only fibres and bundles within the diameter
range 0,2 um to 3,0 um are to be counted. Continue
the count until completion of the grid opening on
which 100 fibres and bundles have been recorded, or
until a sufficient area of the specimen has been ex-
amined to achieve the desired analytical sensitivity.
Only those structures which are identified as, or are
suspected to be, either chrysotile or one of the

.amphibole minerals will be reported in either the

original or the extended TEM examination. Other ma-
terials, such as gypsum, cellulose fibres, and filter
artifacts such as undissolved filter strands, will not be
included in the fibre count. This restriction is intended
to ensure that the best statistical validity is obtained
for the materials of interest.
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Figure 4 — Example of structure counting form



© IS0

TEM field of view

P

ISO 10312:1895(E)

First pass ——-___ | N

«—— Grid opening

Second pass

Figure 5 — Example of scanning procedure for TEM specimen examination

9.7 Blank and quality control determinations

Before air samples are collected, a minimum of two
unused filters from each filter lot of 100 filters shall
be analysed to determine the mean asbestos struc-
ture count. If the mean count for all types of asbestos
structures is found to be more than 10 structures/
mm?, or if the mean fibre count for asbestos fibres
and bundles longer than 5 uym is more than 0,1 fibre/
mm?, reject the filter lot.

To ensure that contamination by extraneous asbestos
fibres during specimen preparation is insignificant
compared with the results reported on samples, es-
tablish a continuous programme of blank mea-
surements. At least one field blank shall be processed
along with each batch of samples. In addition, at least

one unused filter shall be included with every group
of samples prepared on one microscope slide.

Initially, and also at intervals afterwards, ensure that
samples of known asbestos concentrations can be
analysed satisfactorily. Since there is a subjective
component in the structure counting procedure, it is
necessary that recounts of some specimens be made
by different microscopists, in order to minimize the
subjective effects. Such recounts provide a means of
maintaining comparability between counts made by
different microscopists. Variability between and within
microscopists and between laboratories shall be
characterized. These quality assurance measurements
shall constitute approximately 10 % of the analyses.
Repeat results should not differ at the 5 % signif-
icance level.

1~
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9.8 Calculation of results

Calculate the results using the procedures detailed in
annex F. Prior to the TEM examination of the speci-
mens, the leve! of analysis was specified. Before the
resuits are calculated, the compositional and
morphological classifications to be included in the re-
sult shall be specified. The chi-squared uniformity test
shall be conducted using the number of primary
asbestos structures found on each grid opening, prior
to the application of the cluster and matrix counting
criteria. The concentration result shall be calculated
using the numbers of asbestos structures reported
after the application of the cluster and matrix counting
criteria.

10 Performance characteristics

10.1 General

it is important to use this analytical method in con-
junction with a continuous quality control programme.
The quality control programme should include use of
standard samples, blank samples, and both interlabo-
ratory and intralaboratory analyses.

10.2 Interferences and limitations of fibre
identification

Unequivocal identification of every chrysotile fibre is
not possible, due to both instrumental limitations and
the nature of some of the fibres. The requirement for
a calibrated ED pattern eliminates the possibility of an
incorrect identification of the fibre selected. However,
there is a possibility of misidentification of fibres for
which both the morphologies and the ED patterns are
reported on the basis of visual inspection only. The
only significant possibilities of misidentification occur
with halloysite, vermiculite scrolis or palygorskite, al
of which can be discriminated from chrysotile by the
use of EDXA and by observation of the 0,73 nm {002)
reflection of chrysotile in the ED pattern.

As in the case of chrysotile fibres, complete identifi-
cation of every amphibole fibre is not possible due to
instrumental limitations and the nature of some of the
fibres. Moreover, complete identification of every
amphibole fibre is not practical due to the limitations
of both time and cost. Particles of a number of other
minerals with compositions similar to those of some
amphiboles could be erroneously classified as
amphibole when the classification criteria do not in-
clude zone-axis EO techniques. However, the re-
quirement for quantitative EDXA measurements on
all fibres as support for the random orientation ED
technique makes misidentification very unlikely, par-
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have been identified as amphibole by zone-axis. .

methods. The possibility of misidentification is further
reduced with increasing aspect ratio, since it is rare
for the minerals with which amphibole may be con-
fused to display an asbestiform habit.

10.3 Precision and accuracy (see [SO
Standard Handbook No. 3)

10.3.1 Precision

The analytical precision that can be obtained is de-
pendent upon the number of structures counted, and
also on the uniformity -of the particuiate deposit on the
original filter. Assuming that the structures are ran-
domly deposited on the filter, if 100 structures are
counted and the loading is at least 3,5 structures/grid
opening, computer modelling of the counting proce-
dure shows that a coefficient of variation of about
10 % can be expected. As the number of structures
counted decreases, the precision will also decrease
approximately as /N, where N is the number of
structures counted. In practice, particulate deposits
obtained by filtration of ambient air samples are rarely
ideally distributed, and it is found that the precision is
correspondingly reduced. Degradation of precision is
a consequence of several factors, such as: '

a) non-uniformity of the filtered particulate deposit;

b) distorsion of the fibre distribution by application
of the structure counting criteria;

c} variation between microscopists in their interpre-
tation of the fibrous structures;

d) variation between microscopists in their ability to
detect and identify fibres.

The 95 % confidence interval about the mean for a
single structure concentration measurement using
this analytical method should be approximately -
+ 25 % when 100 structures are counted over 10 grid
openings.

10.3.2 Accuracy

There is no independentA method available to deter-
mine the accuracy.

NOTE 11 It has been demonstrated that, after
polycarbonate membrane filters have been coated with
carbon, particulate material is transferred to the TEM
specimens without measurable losses. However, if the fi'
ters are heavily loaded by particulate material, some of this
may be lost before they are coated with carbon. Good
comparability between the capillary-pore polycarbonate pro-
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cedure and the cellulose ester fiiter procedure has been
demonstrated for laboratory-generated aerosols  of
chrysotile asbestos.

10.3.3 Interlaboratory and intralaboratory
analyses

Interlaboratory and intralaboratory analyses are re-
quired in order to monitor systematic errors that may
develop among microscopists when using this
method. These analyses should be designed to test
both the overall method and the performance:-of indi-
vidual microscopists. Repeating preparation .of TEM
grids from different sectors of a filter, followed by
examination of the grids by a different microscopist,
is a test for the reproducibility of the whole method.
However, non-uniformity of the particulate deposit on
the filter may lead to differences which are not related
to the performance of the microscopists. Verified fibre
counting (counting of asbestos structures on the
same grid opening-of a TEM grid by two or more op-
erators, followed by resolution of any discrepancies)
may be used both as a training aid and to determine
the performance of different microscopists. The use
of indexed TEM grids as described in 7.4.1 and 7.4.2
is recommended in order to facilitate relocation of

specific grid openings.

10.4 Limit of detection

The limit of detection of the method can be varied by
choice of the area of the collection filter, the volume
of air sampled and the area of the specimen examined
in the TEM. It is alsc a function of the background of
asbestos structures on unused filters. A limit of de-
tection shall be quoted for each sample analysis.

NOTE 12  In practice, the lowest limit of detection is fre-
quently determined by the total suspended particulate con-
centration, since each particle on the filter must be
separated from adjacent ones by a distance large enough
for the particle to be identified without interference.
Particulate loadings on sampling filters greater than
25 ug/c:m2 usually preclude preparation of TEM specimens
by the direct methods. If the analysis is to be performed
with an acceptable expenditure of time, the area of the
specimen examined in the TEM for structures of all sizes is
limited in most cases to hetween 10 and 20 grid openings.
In typical ambient or building atmospheres, it has been
found that an analytical sensitivity of 1 structurefl can be
achieved. In some circumstances, where the atmosphere is
exceptionally clean, this can be reduced to 0,1 structure/l
or lower. For fibres and bundles longer than 5 um, the re-
duced magnifications specified permit larger areas of the
TEM specimens to be examined with an acceptable ex-
penditure of time, resulting in proportionately lower limits
of detection. If no structures are found in the analysis, the
upper 95 % confidence limit can be quoted as the upper
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boundary of the concentration, corresponding to 2,99 times
the analytical sensitivity if a Poisson distribution of struc-
tures on the filter is assumed. This 85 % confidence limit
for O structures counted is taken as the detection limit.
Since there is sometimes contamination of unused samples
filters by asbestos structures, this should also be taken into
account in the discussion of limits of detection.

11 Test report

The test report shall include at least the following in-
formation:

a) reference to this International Standard:;
b) identification of the sample;

¢) the date and time of sampling, and ail necessary
sampling data;

d) the date of the analysis;
e) the identity of the analyst;

f) any procedure used that is not specified in this
International Standard or regarded as optional;

g} a complete listing of the structure counting data
{the following data should be included: grid open-
ing number, structure number, identification cate-
gory, structure type, length and width of the
structure in micrometres, and any comments
concerning the structure);

h) a statement of the minimum acceptable identifi-
cation category and the maximum identification
category attempted {refer to tables D.1 and D.2);

i) a statement specifying which identification and
structure categories have been used to calculate
the concentration values;

j) separate concentration values for chrysotile and
amphibole structures, expressed in number of
asbestaos structures per litre;

k} - the 95 % confidence interval limits for the con-
centration values, expressed in number of
asbestos structures per litre;

1) the analytical sensitivity, expressed in number of

asbestos structures per litre;

m) the limit of detection, expressed in number of
asbestos structures per litre;

n} compositional data for the principal varieties of
amphibole, if present;

1Q
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o) items g) to m) for asbestos fibres and bundies

-longer than 5 pm;

Samplé analysis information (page 1)

Laboratory name

Sample: 456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

Air volume:

Area of collection filter:

Level of analysis (chrysotile):

Level of analysis {amphibole):
Magpnification used for fibre counting:
Aspect ratio for fibre definition:

Mean dimension of grid openings:
Initials of analyst: ‘

Number of grid openings examined:
Analytical sensitivity:

Number of primary asbhestos structures:
Number of asbestos structures counted:

Number of asbestos structures > 5 ym :

Number of asbestos fibres and bundles > 5 um :

Number of PCM equivalent asbestos structures:

Number of PCM equivalent asbestos fibres:

© iSO

p) items g} to m) for PCM equivalent asbestos fibres ...
and bundles. A

An example of a suitable format for the structure
counting data is shown in figures 6 and 7.

Report number

Date

2 150,0 litres
385,0 mm?
CD orCMQ
ADQ

x 20 500

51

85,4 um
JMW

10

1,968 structures/l
13

26

7

10

3

5

Figure 6 — Example of format for reporting sample and preparation data

20
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Sample analysis information'(pages 2 and following)

Laboratoriy name Report number Date

Sample: 456 Queen Street
: Ashby de la Zouch
Exterior sample 1991-09-09

TEM asbestos structure count — Raw data

. Number of . )
Grid opc::g:g . structures L:::‘::i; St;v;:t:re Length Width Comments
primary total pm pum
A Fa-4 1 1 . CD F 1.7 0,045
2 2 cMQ | B 26 0,09
3 3 ADQ F 4,0 0,15 " Crocidolite
E3-6 4 4 CcD MC+0 3,5 1,3
E5-1 5 CD MD43 7.5 5,0
5 Ch MB 7.7 0,30
6 cMQ MF 5,6 0,045
7 cD MB 5,1 0,30
8 CcD MF 1.7 0,045
B F4-1 6 CcD CD+0 6.5 3,0
9 Cbh CB 3.5 0.1%
10 CcD CF 3,5 0,045
1 cMQ CR+0 2,6 1.9
G5-1 7 cD CD31 6,1 3.2
12 cD CB 5,6 0,3
13 CMQ . CF 4,0 0,045
14 CMQ CB 3,2 0,080
E4-4 8 15 CcD B 1.5 0,23
9 16 AD F 8,7 0,15
C G4-4 10 cMQ CD42 25 5,6
17 cMQ CB 15 0,15
18 cMQ CF 9,4 0,045
19 ADQ CF 3,6 0,30 Tremolite
20 c™M CF 42 0,045
E4-4 No fibres
E5-6 1 ADQ CD+3 9,4 2,5
21 ADQ CF 7.1 0,30 Amosite
22 ADQ CF 6,2 0,10 Crocidolite
23 CM cB 5,1 0,2
24 CM CR+0 3.3 1.8
Fa-1 12 25 cMQ MC10 3.7 2.1
13 26 CcD CC+0 7.4 0.5
1) ldentification codes listed in tables D.1 and D.2.

Figure 7 — Example of format for reporting structure counting data
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Annex A
(normative)

Determination of operating conditions for plasma asher

A.1 General

During the preparation of TEM specimens from an 4

MEC or cellulose nitrate filter, the spongy structure
of the filter is collapsed into a thinner film of polymer
by the action of a solvent. Some of the particles on
the surface of the original filter become completely
buried in the polymer, and the specimen preparation
procedure incorporates a plasma etching step to
oxidize the surface layer of the polymer. Particles
buried by the filter collapsing step are then exposed
50 that they can become subsequently affixed to the

evaporated carbon film without aitering their position

on the original filter. The amount of etching is critical,
and individual ashers vary in performance. Therefore,
the plasma asher (7.3.4) shall be calibrated to give a
known amount of etching of the surface of the col-
lapsed filter. This is carried out by adjusting the
radio-frequency power output and the oxygen flow-
rate, and measuring the time taken to completely
oxidize an uncollapsed cellulose ester filter with
25 mm diameter of the same type and pore size as
those used in the analysis.

A2 Procédure

Place an unused cellulose ester filter, with 25 mm di-
ameter, of the same type as that being used, in the
centre of a glass microscope slide. Position the slide
approximately in the centre of the asher chamber.
Close the chamber and evacuate to a pressure of ap-
proximately 40 Pa, while admitting oxygen to the
chamber at a rate of 8 mi/min to 20 mi/min. Adjust
the tuning of the system so that the intensity of the
plasma in maximized. Measure the time required for
complete oxidation of the filter. Determine operating
parameters which result in complete oxydation of the
filter in a period of approximately 15 min. For etching
of collapsed filters, these aperating parameters. shall
be used for a period of 8 min.

NOTE 13  Plasma oxidation at high radio-frequency pow-
ers will cause the filter to shrink and curl, followed by sud-
den violent ignition. At lower powers, the filter will remain
in position and will slowly become thinner until it is nearly
transparent. It is recommended that a radio-frequency
power be used such that violent ignition does not occur.
When multiple filters are etched, the rate of etching is re-
duced, and the system should be calibrated accordingly.
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" Annex B
. {(normative)

Calibration procedures

B.1 Calibration of the TEM

B.1.1 Calibration of TEM screen -
magnification

The electron microscope should be aligned according
- to the specifications of the manufacturer. Initially, and
at regular intervals, calibrate the magnifications used
for the analysis using a diffraction grating replica
{7.3.11). Adjust the specimen height to the eucentric
position before carrying out the calibration. Measure
the distance on the fluorescent viewing screen occu-
pied by a convenient number of repeat distances of
the grating image, and calculate the magnification.
Always repeat the calibration after any instrumental
maintenance or change of operating conditions. The
magnification of the image on the viewing screen is
not the same as that obtained on photographic plates
or film. The ratio between these is a constant vaiue
for the particular model of TEM.

B.1.2 Calibration of ED camera constant

Calibrate the camera constant of the TEM when used
in ED mode. Use a specimen grid supporting a carbon
film on which a thin film of gold has been evaporated
or sputtered. Form an image of the gold film with the
specimen adjusted to the eucentric position and se-
lect ED conditions. Adjust the objective lens current
to optimize the pattern obtained, and measure the di-
ameters of the innermost two rings either on the flu-
orescent viewing screen or on a recorded image.
Calculate the radius-based camera constant, AL, for
both the fluorescent screen and the photographic
plate or film, using the following equation:

U = aD
20y B2+ 2+ P
where
2 is the wavelength, in nanometres, of the
incident electrons;
L s the camera length, in millimetres;

a is the unit cell dimension of gold, in
nanometres (= 0,407 86 nm);

D is the diameter, in millimetres, of the (rki)
diffraction ring.

Using gold as the calibration material, the radius-
based camera constant is given by

AL =0,117 74D mm-nm {smallest ring)

AL = 0,101 97D mm-nm (second ring)

B.2 Calibration of the EDXA system

Energy calibration of the EDXA system for a low en-
ergy and high energy peak shall be performed regu-
farly. Calibration of the intensity 'scale of the EDXA
system permits quantitative composition data, at an
accuracy of about 10 % of the elemental concen-
tration, to be obtained from EDXA spectra of refer-
ence silicate minerals involving the elements Na,
Mg, Al, Si, K, Ca, Mn and Fe, and applicable certified
reference materials. If quantitative determinations are
required for minerals containing other elements, ref-
erence standards other than those referred to below
will be required. Well-characterized mineral standards
permit calibration of any TEM-EDXA combination
which meets the instrumental specifications of 7.3.1
and 7.3.2, so that EDXA data from different instru-
ments can be compared. Reference minerals are re-
quired for the calibration; the criteria for selection
being that they should be silicate minerals with ma-
trices as close as possible to those of the amphiboles
or serpentine, and that small individual fragments of
the minerals are homogeneous in composition within
a few percent.

Determine the compositions of these standards by
electron microprobe analysis or chemicals methods.

_Crush fragments of the same selected mineral stan-

dards and prepare filters by dispersal of the crushed
material in water and immediate filtration of the sus-
pensions. Prepare TEM specimens from these filters
according to the procedures specified in clause 9.
These TEM specimens can then be used to calibrate
any TEM-EDXA system so that comparable composi-
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tional resuits can be obtained from different instru-
ments.

NOTES

14 The microprobe analysis of the mineral standards are
carried out by conventional techniques which can be found
in annex J. The minera! is first embedded in a2 mount of
poly{methyl methacrylate) or epoxy resin. The mount is then
ground and polished to achieve a flat, polished surface of
the mineral fragment. This surface is then analysed, using
suitable reference standards, preferably oxide standards of
the individual elements wherever these are available. It is
necessary to take into account the water concentration in
the minerals, which_ in the case of chrysotile amounts to
13 % by mass. This water cortent may vary due to losses
in the vacuum system.

15 Aqueous suspensions of mineral standards should be
filtered immediately after preparation, since alkali and alkali
earth metals may be partially leached from minerals con-
taining these elements.

Express the results of the electron microprobe ana-
lyses as atomic or mass percentage ratios relative to
silicon. X-ray peak ratios of the same elements rela-
tive to silicon, obtained from the EDXA system, can
then be used to calculate the relationship between
peak area ratio and atomic or mass percentage ratio.
The technigue was described by Cliff and Lorimer
{see annex J, reference [8]).

The X-rays generated in a thin specimen by an inci-
dent electron beam have a low probability of interact-
ing with the specimen. Thus, mass absorption and
fluorescence effects are negligible. in a silicate min-
eral specimen containing element i, the following
equation can be used to perform guantitative analyses
in the TEM:

G
Csi Asi
where
o is the concentration or atomic percentage
of element i;

is the concentration or atomic percentage
of silicon;

C;

¢
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£

A is the elemental integrated peak area fore.
element ; ¥

Ag;  is the elemental integrated peak area for
silicon;

k is the k-ratio for element i relative to sili-
con,

For a particular instrumental configuration and a par-
ticular particle size, the value of £, is constant.

To incorporate correction for the particle size effect
on peak area ratios (see annex J, references [35] and
[36], extend the Cliff and Lorimer technique by ob-
taining separate values of the constant &; for different
ranges of fibre diameter. It is recommended that 20
EDXA measurements be made for each range of fibre
diameters. Suitable ranges of fibre diameter are:

< 0,25 pm; 0,25 pm to 0,5 um; 0,5 pm to 1,0 um;
> 1,0 um,

Insert the TEM grid into the transmission electron
microscope, obtain an image at the calibrated higher
magnification of about x 20 000, and adjust the spec-
imen height to the eucentric point. If the X-ray detec-
tor is a side-entry variety, tilt the specimen towards
the X-ray detector. Select an isolated fibre or particle
less than 0,5 um in width, and accumulate an EDX£
spectrum using an electron probe of suitable diam-
eter. When a well-defined spectrum has been ob-
tained, perform a background subtraction and
calculate the background-corrected peak areas for
each element listed, using energy windows centred
on the peaks. Calculate the ratio of the peak area for
each specified element relative to the peak area for
silicon. All background-subtracted peak areas used for
calibration shall exceed 400 counts.

Repeat this procedure for 20 particles of each mineral
standard. Reject analyses of any obviously foreign
particles. Calculate the arithmetic mean concentration
to peak area ratio, & (k-ratio), for each specified ele-
ment of each mineral standard and for each of the fi-
bre diameter ranges. Periodic routine checks shall be
carried out to ensure that there has been no degra-
dation of the detector performance. These k-ratios are
used to calculate the elemental concentrations of un-
known fibres, using the Cliff and Lorimer relationship.
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Annex C
(normative)

Structure counting criteria

C.1 General

In addition to isolated fibres, other assemblages of
particles and fibres frequently occur in air samples.
Groupings of asbestos fibres and particles, referred to
as "asbestos structures”, are defined as fibre bun-
dles, clusters and matrices. The numerical result of a
TEM examination depends largely on whether the
analyst assigns such an assemblage of fibres as a
single entity, or as the estimated number of individual
fibres which form the assemblage. It is therefore im-
portant that a logical system of counting criteria be
defined, so that the interpretation of these complex
structures is the same for all analysts, and so that the
numerical result is meaningful. Imposition of specific
structure-counting criteria generally requires that
some interpretation, partially based on uncertain in-
formation on health effects, be made of each
asbestos structure found. It is not the intention of this
International Standard to make any interpretations
based on health effects, and it is intended that a clear
separation shafl be made between recording of struc-
ture counting data, and later interpretation of those
data. The system of coding specified in this Interna-
tional Standard permits a clear morphological de-
scription of the structures to be recorded in a concise
manner suitable for later interpretation, if necessary,
by a range of different criteria, without the necessity
for re-examination of the specimens. In particular, the
coding system is designed to permit the dimensions
of each complex fibrous structure, and also whether
these structures contain fibres longer than 5 um, to
be recorded. This approach permits later evaluations
of the data to include considerations of particle
respirability and comparisons with historical indices
of asbestos exposure. Examples of the various types
of morphological structure, and the manner in which
these shall be recorded, are shown in figure C.1.

C.2 Structure definitions and treatment

Each fibrous structure that is a separate entity shall
be designated as a primary structure. Each primary
structure shall be designated as a fibre, bundle, clus-
ter or matrix.

C.2.1 Fibre

Any particle with parallel or stepped sides, of mini-
mum length 0,5 um, and with an aspect ratio of 5/1
or greater, shall be defined as a fibre. For chrysotile
asbestos, the single fibril shall be defined as a fibre.
A fibre with stepped sides shall be assigned a width
equal to the average of the minimum and maximum
widths. This average shall be used as the width in
determination of the aspect ratio.

C.2.2 Bundle

A grouping composed of apparently attached parallel
fibres shall be defined as a bundle, with a width equal
to an estimate of the mean bundle width, and a length
equal to the maximum length of .the structure. The
overall aspect ratio of the bundle may have any value,
provided that it contains individual constituent fibres
with aspect ratios equal to or greater than 5/1. Bun-
dles may exhibit diverging fibres at one or both ends.

C.2.3 Cluster

An aggregate of two or more randomly oriented fi-
bres, with or without bundles, shall be defined as a
cluster. Clusters occur as two varieties.

C.2.3.1 disperse cluster (type D). Disperse and
open network, in which at least one of the individual
fibres or bundles can be separately identified and its
dimensions measured;

C.2.3.2 compact cluster (type C): Complex and
tightly bound network, in which one or both ends of
each individual fibre or bundle is (are) obscured, such
that the dimensions of individual fibres and bundles
cannot be unambiguously determined.

In practice, clusters can occur in which the character-

istics of both types of cluster occur in the same

structure. Where this occurs, the structure should be
defined as a disperse cluster, and then a logical pro-
cedure should be followed by recording structure
components according to the counting criteria. The
procedure for treatment of clusters is illustrated by
examples in figure C.2,
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a} Disperse cluster {type D}
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b} Compact cluster (type C)

¢) Disperse matrix {type D) d} Compact matrix (type C)

Figure C.1 — Fundamental morphological structure types
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Count as 1 compact cluster containing more than 9 fi-
bres (all fibres shorter than 5 um)

" Record as CC+0

Count as 1 disperse cluster consisting of 5 fibres, 4
of which are longer than 5 um

~ Record as CD54, followed by 5 fibres, each recorded

as CF

Count as 1 disperse cluster consisting of 4 fibres, 2
of which are longer than 5 pm, and 2 cluster residuals,
each containing more than 9 fibres

Record as CD+2, followed by 4 fibres, each recorded
as CF, and 2 cluster residual, each recorded as CR+0

Count as 1 disperse cluster consisting of 3 fibres, 2
bundles, 1 of which is longer than 5 pm, and 1 cluster
residual containing more than 9 fibres

Record as CD+1, followed by 3 fibres, each recorded
as CF, 2 bundles, each recorded as CB, and 1 cluster
residual recorded as CR+0

Figure C.2 — Examples of recording of complex asbestos clusters
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C.2.4 Matrix

One or more fibres, or fibre bundles, may be attached
to, or partially concealed by, a single particle or group
of overlapping nonfibrous particles. This structure
shall be defined as a matrix. The TEM image dces not
discriminate between particles which are attached to
fibres, and those which have by chance overlapped in
the TEM image. It is not known, therefore, whether
such a structure is actually a complex particle, or
whether it has arisen by a simple overlapping of par-
ticles and fibres on the fiiter.

Since a matrix structure may involve mare than one
fibre, it is important to define in detail how matrices
shall be counted. Matrices exhibit different character-
istics, and two types can be defined.

C.2.4.1 disperse matrix (type D): Structure con-
sisting of a particle or linked group of particles, with
overlapping or attached fibres or bundles in which at
least one of the individual fibres or bundles can be
separately identified and its dimensions measured.

C.2.4.2 compact matrix {type C): Structure con-
sisting of a particle or linked group of particles, in
which fibres or bundles can be seen either within the
structure or projecting from it, such that the dimen-
sions of individual fibres and bundles cannot be un-
ambiguously determined.

In practice, matrices can occur in which the charac-
teristics of both types of matrix occur in the same
structure. Where this occurs, the structure should be
assigned as a disperse matrix, and then a logical pro-
cedure should be followed by recording structure
compaonents according to the counting criteria. Exam-
ples of the procedure which shall be followed are
shown in figure C.3.

C.2.5 Asbestos structure larger than 5 um

Any fibre, bundle, cluster or matrix for which the
largest dimension exceeds 5 pm. Asbestos structures
larger than 5 pm do not necessarily contain asbestos
fibres or bundles longer than 5 um.

28
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C.2.6 Asbestos fibre or bundle longer than .-
5 um E

An asbestos fibre of any_width, or bundle of such fi-
bres, which has a length exceeding 5 um.

C.2.7 PCM equivalent structure

Any fibre, bundle, cluster or matrix with an aspect ra-
tio of 3{1 or greater, longer than 5 um, and which has
a diameter between 0,2 um and 3,0 um. PCM equiv-
alent structures do not necessarily contain fibres or
bundles longer than 5 um, or PCM equivalent fibres.

C.2.8 PCM equivalent fibre

Any particle with parallel or stepped sides, with an
aspect ratio of 3/1 or greater, longer than 5 um, and
which has a diameter between 0,2 um and 3,0 um.
For chrysotile, PCM equivalent fibres will always be
bundles.

C.3 Other structure counting criteria

C.3.1 Structures which intersect grid bars

A structure which intersects a grid bar shall only be -
counted on two sides of the grid opening, as illus

trated in figureC.4. Record the dimensions of the
structure such that the obscured portions of compo-
nents are taken to be equivalent to the unobscured
portions, as shown by the broken lines in figure C.4.

For example, the length of a fibre intersecting a grid
bar is taken to be twice the unobscured length.
Structures intersecting either of the other two sides
shall not be included in the count.

C.3.2 Fibres which extend outside the field
of view

During scanning of a grid opening, count fibres which
extend outside the field of view systematically, so as
to avoid double-counting. In general, a rule should be
established so that fibres extending outside the field
of view in only two quadrants are counted. The pro-
cedure is illustrated by figure C.5. Measure the length
of each of these fibre by moving the specimen to lo-
cate the other end of the fibre, and then return to the
original field of view before continuing to scan the
specimen. Fibres without terminations within the field
of view shall not be counted.
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Count as 1 compact matrix, with all fibres shorter than
5um :

Record as MC+0

| |
Sum
Count as 1 disperse matrix consisting of 1 fibre shorter
_ ' than 5 ym :
‘/ Record as MD10, followed by 1 fibre recorded as MF
| d
5um

Count as 1 disperse matrix consisting. of 5 fibres, all
longer than 5 pm

Record as MDB55, followed by 5 fibres, each recorded
as MF

Count as 1 disperse matrix, consisting if 3 fibres, 1 of
which is longer than 5 um, and 1 matrix residual con-
taining 3 fibres

Record as MD61, followed by 3 fibres, each recorded
as MF, and 1 matrix residual recorded as MR30

Sum

Figure C.3 — Examples of recording of complex asbestos matrices
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Figure C.4 — Example of counting of structures which intersect grid bars
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Figure C.5 — Example of counting of fibres which extend outside the field of view
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C.4 Procedure for data recording

C.4.1 General

The morphological codes specified are designed to
facilitate computer data processing, and to allow re-
cording of a complete representation of the important
features of each asbestos structure. The procedure
requires that the microscopist classify each primary
fibrous structure into one of the four fundamental
categories: fibres, bundles, clusters and matrices.

C.4.2 Fibres

On the structure counting form, -a fibre as defined in
C.2.1 shall be recorded by the designation “F". If the
fibre is a separately-counted part of a cluster or ma-
trix, the fibre shall be recorded by the designation
“CF”, or “MF", depending on whether it is a compo-
nent of a cluster or matrix.

C.4.3 Bundles

On the structure counting form, a bundle as defined
in C.2.2 shall be recorded by the designation “B”. If
the bundle is a separately-counted part of a cluster or
matrix, the bundie shall be recorded by the desig-
nation “CB", or “MB", depending on whether it is a
component of a cluster or matrix.

C.4.4 Disperse clusters (type D)

On the structure counting form, an isolated cluster of
type D as defined in C.2.3 shall be recorded by the
designation "CD”, followed by a two-digit number.
The first digit represents the analyst's estimate of the
total number of fibres and bundles comprising the
structure. The digit shall be from 1 to 9, or designated
as "+"” if there are estimated to be more than 9
component fibres or bundles. The second digit shall
represent, in the same manner, the total number of
fibres and bundles longer than 5 pum contained in the
structure. The overall dimensions of the cluster, in
two perpendicular directions representing the maxi-
mum dimensions, shall be recorded. In order of de-
creasing length, up to 5 component fibres or bundles
shall be separately recorded, using the codes “CF”
{cluster fibre) and "CB"” (cluster bundle). If, after ac-
counting for prominent component fibres and bun-
dles, a group of clustered fibres remains, this shall be
recorded by the designation “CR"” (cluster residual).
If the remaining clustered fibres are present as more
than one localized group, it may be necessary to re-
cord more than one cluster residual. Do not record
more than 5 cluster residuals for any cluster. A cluster
residual shall be measured and assigned a two-digit
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number, derived in the same manner as specified for

- the overall cluster. Optionally, if the number of com-

ponent fibres and bundles in either the original cluster
or the cluster residual is outside the range 1 - 9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the
“comments” column.

-

C.45 Compact clusters (type C)

On the structure counting form, an isolated cluster of
type C as defined in C.2.3 shall be recorded by the
designation “CC”, followed by a two-digit number.
The two-digit number describing the numbers of
component fibres and bundles shall be assigned in the
same manner as for clusters of type D. The overall
dimensions of the cluster in two perpendicular di-
rections shall be recorded in the same manner as for
clusters of type D. By definition, the constitutent fi-
bres and bundles of compact clusters cannot be sep-
arately measured; therefore, no separate tabulation
of component fibres or bundles can be made.

C.4.6 Disperse matrices (type D)

On the structure counting form, an isolated matrix of
type D as defined in C.2.4 shall be recorded by the
designation “MD", followed by a two-digit number.
The two-digit number shall be assigned in the same
manner as for clusters of type D. The overall dimen-
sions of the matrix in two perpendicular directions
shall be recorded in the same manner as for clusters
of type D. In order of decreasing length, up to 5
component fibres or bundles shall be separately re-
corded, using the codes “MF” {matrix fibre) and
“MB” (matrix bundle). If after accounting for promi-
nent component fibres and bundles, matrix material
containing asbestos fibres remains, this shall be re-
corded by the designation “MR” {matrix residual). f
the remaining matrix fibres are present as more than
one localized group, it may be necessary to record
more than one matrix residual. Do not record more
than 5 matrix residuals for any matrix. A matrix re-
sidual shall be measured and assigned a two-digit
number, derived in the same manner as specified for
the overall matrix. Optionally, if the number of com-
pcnent fibres or bundles in either the original matrix
or the matrix residual is outside the range 1 ~ 9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the
“comments” column.

C.4.7 Compact matrices {type C)

On the structure counting form, an isolated matrix of
type C as defined in C.2.4 shall be recorded by the
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designation “MC", followed by a two-digit number.
The two-digit number shall be assigned in the same
manner as for clusters of type D. The overall dimen-
sions of the matrix in two perpendicular directions

shall be recorded in the same manner as for clusters

of type D, By definition, the constitutent fibres and
bundles of compact matrices cannot be separately
measured; therefore, no separate tabulation of com-
penent fibres or bundles can be made.

C.4.8 Procedure for recording of partially
obscured fibres and bundles

‘The proportion of the length of a fibre or bundle that
is obscured by other particulates shall be used as the
basis for determining whether a fibre or bundle is to
be recorded as a separate component or is to be
considered as a part of a matrix of type C or part of
a matrix residual. If the obscured Jength could not
possibly be more than one-third of the total length,
the fibre or bundle shall be considered a prominent
feature to be separately recorded. The assigned
length for each such partially obscured fibre or bundle
shall be equal to the visible length plus the maximum
possible contribution from the obscured portion. Fi-
bres or bundles which appear to cross the matrix, and
for which both ends can be located approximately,
shall be included in the maximum of 5 and recorded
according to the counting criteria as separate fibres
or bundles. If the obscured length could be more than
one third of the total length, the fibre or bundle shall
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be considered as a part of a compact matrix of typr—'-‘--‘ :

C or part of a matrix residual.

C.5 Special considerations for counting
of PCM equivalent structures

Use 3/1 as the minimum aspect ratio for counting of
PCM equivalent structures. This aspect ratio definition
is required in order to achieve comparability of the
results for this size range of structure with historical
optical measurements, but use of this aspect ratio
definition does not significantly affect the ability to
interpret the whole fibre size distribution in terms of
a minimum 5/1 aspect ratio. Some applications may
require that a count be made of PCM equivalent
structures only. The coding system permits discrimi-
nation between PCM equivalent structures that con-
tain fibres and bundles longer than 5 um and those
that do not.

NOTE 16 In general, clusters and matrices will yield
fewer components as the minimum dimensions specified
for countable fibres are increased. Thus, it may be found
that a perticular structure vields a higher number of com-
ponent fibres and bundles in a count for all fibre sizes than
it does at a reduced magnification when only fibres and
bundles longer than 5 um are being counted. However, the
requirement that component fibres and bundles be recorded
in decreasing length order ensures that the data are coi

sistent for a particular structure, regardless of the size cat-
egory of fibres being counted and the magnification in use.
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Annex D
(normative)

Fibre identification procedure

D.1 General

The criteria used for identification of asbestos fibres
may be selected depending on the intended use of
the measurements. In some circumstances, there can
be a requirement that fibres shall be unequivocally
identified as a specific mineral species. In other cir-
cumstances, there can be sufficient knowiledge about
the sample, so that rigorous identification of each fi-
bre need not be carred out. The time required to
perform the analysis, and therefore the cost of analy-
sis, can vary widely depending on the identification
criteria considered which are to be sufficiently defini-
tive. The combination of criteria considered definitive
for identification of fibres in a particular analysis shall
be specified before the analysis is made, and this
combination of criteria shall be referred to as the
“level” of analysis. Various factors related to instru-
mental limitations and the character of the sample

may prevent satisfaction of all of the specified fibre

identification criteria for a particufar fibre. Therefore,
a record shall be made of the identification criteria
which were satisfied for each suspected asbestos fi-
bre included in the analysis. For example, if both ED
and EDXA were specified to be attempted for defini-
tive identification of each fibre, fibres with chrysotile
morphology which, for some reason, do not give an
ED pattern but which do yield an EDXA spectrum
corresponding to chrysotile, are categorized in a way
which conveys the level of confidence to be placed in
the identification.

D.2 ED and EDXA techniques

D.2.1 General

Initially, fibres are classified into two categories on the
basis of morphology: those fibres with tubular
morphology, and those fibres without tubular
morphology. Further analysis of each fibre is con-
ducted using ED and EDXA methods. The following
procedures should be used when fibres are examined
by ED and EDXA.

The crystal structures of some mineral fibres, such as
chrysotile, are easily damaged by the high current
densities required for EDXA examination. Therefore,

investigation of these sensitive fibres by ED should
be completed before attempts are made to obtain
EDXA spectra from the fibres. When more stable fi-
bres, such as the amphiboles, are examined, EDXA
and ED may be used in either order.

D.2.2 ED techniques

The ED technique can be either qualitative or quanti-
tative. Qualitative ED consists of visual examination,
without detailed measurement, of the general char-
acteristics of the ED pattern obtained on the TEM
viewing screen from a randomly oriented fibre. ED
patterns obtained from fibres with cylindrical symme-
try, such as chrysatile, do not change when the fibres
are tiited about their axes, and patterns from randomly
oriented fibres of these minerals can be interpreted
quantitatively. For fibres which do not have cylindrical
symmetry, only those ED patterns obtained when the
fibre is oriented with a principal crystallographic axis
closely parallel with the incident electron beam direc-
tion can be interpreted quantitatively. This type of ED
pattern shall be referred to as a “zone-axis ED
pattern”. In order to interpret a zone-axis ED pattern
quantitatively, it shall be recorded photographically
and its consistency with known mineral structures
shall be checked. A computer program may be used
to compare measurements of the zone-axis ED pat-
tern with corresponding data calculated from known
mineral structures. The zone-axis ED pattern obtained
by examination of a fibre in a particular orientation can
be insufficiently specific to permit unequivocal iden-
tification of the mineral fibre, but is is often possible
to tilt the fibre to another angle and to record a dif-
ferent ED pattern corresponding to another zone-axis.
The angle between the two zone-axes can also be

.checked for consistency with the structure of a sus-

pected mineral.

For visual examination of the ED pattern, the camera
length of the TEM should be set to a low value of
approximately 250 mm and the ED pattern should
then be viewed through the binoculars. This proce-
dure minimizes the possible degradation of the fibre
by the electron irradiation. However, the pattern is
distorted by the tilt angle of the viewing screen. A
camera length of at least 2 m should be used when
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the £D pattern is recorded, if accurate measurement
of the pattern is to be possible. It is necessary that,
when obtaining an ED pattern to be evaluated visually
or 10 be recorded, the sample height shall be properly
adjusted to the eucentric point and the image shall be
focussed in the plane of the selected area aperture.
If this is not done, there may be some components
of the ED pattern which do not originate from the
selected area. In general, it will be necessary to use
the smallest available ED aperture.

For accurate measurements of the ED pattern, an
internal calibration - standard shall be used. A thin
coating of gold, or another suitable calibration mate-
rial, shall be applied to the underside of the TEM
specimen. This coating may be applied either by vac-
uum evaporation or, more conveniently, by sputtering.
The polycrystalline gold film yields diffraction rings on
every ED pattern and these rings provide the required
calibration information.

To form an ED pattern, move the image of the fibre
to the centre of the viewing screen, adjust the height
of the specimen to the eucentric position, and insert
a suitable selected area aperture into the efectron
beam so that the fibre, or a portion of it, occupies a
large proportion of the illuminated area. The size of
the aperture and the portion of the fibre shall be such
that particles other than the one to be examined are
excluded from the selected area. Observe the ED
pattern through the binoculars. During the observa-
tion, the objective lens current should be adjusted to
the point where the most complete ED pattern is ob-
tained. if an incomplete ED pattern is still obtained,
move the particle around within the selected area to
attempt to optimize the ED pattern, or to eliminate
possible interferences from neighbouring particles.

If a zone-axis ED analysis is to be attempted on the
fibre, the sample shall be mounted in the appropriate
holder. The most convenient holder allows complete
rotation of the specimen grid and tilting of the grid
about a single axis. Rotate the sample until the fibre
image indicates that the fibre is oriented with its
length coincident with the tilt axis of the goniometer,
and adjust the sample height until the fibre is at the
eucentric position. Tilt the fibre until an ED appears
which is a symmetrical, two dimensional array of
spots. The recognition of zone-axis alignment condi-
tions requires some experience on the part of the
operator. During tilting of the fibre to obtain zone-axis
conditions, the manner in which the intensities of the
spots vary should be observed. If weak reflections
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occur at some points on a matrix of strong reflections,..- .
the possibility of twinning or multiple diffraction e
ists, and some caution should be exercised in the se-
lection of diffraction spots .for measurement and
interpretation. A full discussion of electron diffraction
and muitiple diffraction can be found in the references
by J.A. Gard [111 P.B. Hirsch et a/ (141 and H.R. Wenck -
[42] included in annex J. Not all zone-axis patterns
which can be obtained are definitive. Only those
which have closely spaced reflections corresponding
to low indices in at least one direction should be re-
corded. Patterns in which all d-spacings are less than
about 0,3 nm are not definitive. A useful guideline is
that the lowest angle reflections should be within the
radius of the first gold diffraction ring (111}, and that
patterns with smaller distances between refiections
are usually the most definitive.

Five spots, closest to the centre spot, along two
intersecting lines of the zone-axis pattern shall be se-
lected for measurement, as shown in figure D.1. The
distances of these spots from the centre spot and the
four angles shown provide the required data for anal-
ysis. Since the centre spot is usually very overex-
posed, it does not provide a well-defined origin for
these measuréments. The required distances shall
therefore be obtained by measuring between pairs of
spots symmetrically disposed about the centre spot -

- preferably separated by several repeat distances. Th

distances shall be measured with a precision of better
than 0,3 mm, and the angles to a precision of better
than 2,5°. The diameter of the first or second ring of
the calibration pattern (111 and 200} shall also be
measured with a precision of better than 0,3 mm.

Using gold as the calibration material, the radius-
based camera constant is given by

AL = 0,117 74D mm-nm (first ring)

AL = 0,101 97D mm-nm (second ring)

D.2.3 EDXA measurements

Interpretation of the EDXA spectrum may be either
qualitative or quantitative. For qualitative interpretation
of a spectrum, the X-ray peaks originating from the
elements in the fibre are recorded. For quantitative
interpretation, the net peak areas, after background
subftraction, are obtained for the X-ray peaks originat-
ing from the elements in the fibre. This method pro-
vides quantitative interpretation for those minerals
which contain silicon.
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Spot 1

Figure D.1 — Example of measurement of zone-axis SAED patterns

To obtain an EDXA spectrum, move the image of the
fibre to the centre of the screen and remove the ob-
jective aperture. Select an appropriate electron beam
diameter and deflect the beam so that it impinges on
the fibre. Depending on the instrumentation, it may
be necessary to tilt the speéimen towards the X-ray
detector and, in some instruments, to use the Scan-
ning Transmission Electron Microscopy (STEM) mode
of operation. :

The time for acquisition of a suitable spectrum varies
with the fibre diameter, and also with instrumental
factors. For quantitative interpretation, spectra should
have a statistically valid number of counts in each
peak. Analyses of small diameter fibres which contain
sodium are the most critical, since it is in the low en-
ergy range that the X-ray detector is least sensitive.
Consequently, it is necessary to acquire a spectrum
for a period that is sufficiently long for the sodium to
be detected in such fibres. It has been found that
satisfactory quantitative an analyses can be obtained
if acquisition is continued until the background sub-
tracted silicon Ka peak integral exceeds 10 000
counts. The spectrum should then be manipulated to
subtract the background and to obtain the net areas
of the elemental peaks.

After quantitative EDXA classification of some fibres
by computer analysis of the net peak areas, it may be
possible to classify further fibres in the same sample

on the basis of comparison of  spectra at the
intrument. Frequently, visual comparisons can be
made after somewhat shorter acquisition times.

D.3 Interpretation of fibre analysis data

D.3.1 Chrysotile

The morphological structure of chrysotile is charac-
teristic, and with experience, can be recognized read-
ily. However, a few holder minerals have a similar
appearance, and morphological observation by itself
is inadequate for most samples. The ED pattern ob-
tained from chrysotile is quite specific for this mineral
if the specified characteristics of the pattern corre-
spond to those from reference chrysotile. However,
depending on the past history of the fibre, and on a
number of other factors, the crystal structure of a
particular fibre may be damaged, and it may not yield
and ED pattern. In this case, the EDXA spectrum may
be the only data available to supplement the
morphological observations.

D3.2 Amphiboles

Since the fibre identification procedure for asbestos
fibres other than chrysotile can be involved and time-
consuming, computer programmes, such as that de-
veloped by B.L. Rhoades (see annex J, reference
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[32)), are recommended for interpretation of zone-
axis ED patterns. The published literature contains
compoasition and crystallographic data for all of the
fibrous minerals likely to be encountered in TEM
analysis of air samples, and the compositional and
structural data. from the unknown fibre should be
compared with the published data. Demonstration
that the measurements are consistent with the data
for a particular test mineral does not uniquely identify
the unknown, since the possibility exists that data
from other minerals may also be consistent. It is,
however, unlikely that a mineral of another structural
“class could yield data consistent with that from an
amphibole fibre identified by quantitative EDXA and
two zone-axis ED patterns.

Suspected amphibole fibres should be classified ini-
tially on the basis of chemical compasition. Either
qualitative or quantitative EDXA information may be
used as the basis for this classification. From the
published data on mineral compositians, a list of min-
erals which are consistent in composition with that
measured for the unknown fibre should be compiled.
To proceed further, it is necessary to obtain the first
zone-axis ED pattern, according to D.2.2.

It is possible to specify a particular zone-axis pattern
for identification of amphibole, since a few patterns
are often considered to be characteristic. Unfortu-
nately, for a fibre with random orientation on a TEM
grid, no specimen holder and goniometer currently
available will permit convenient and rapid location of
two preselected zone-axes. The most practical - ap-
proach has been adopted, which is to accept'those
low index patterns which are easily obtained, and then
to test their consistency with the structures of the
minerals already preselected on the basis of the EDXA
data. Even the structures of nen-amphibole minerals
in this preselected list shall be tested against the
zone-axis data obtained for the unknown fibre, since
non-amphibole minerals in some orientations may
yield similar patterns consistent with amphibole
structures.

The zone-axis ED interpretation shall include alt min-
erals previously selected from the mineral data file as
being chemically compatible with the EDXA data. This
procedure will usually shorten the list of minerals for
which solutions have been found. A second set of
zone-axis data from another pattern obtained on the
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* same fibre can then be processed, either as furthes -

confirmation of the identification, or to attempt elir.
ination of an ambiguity. In addition, the angle meas-
ured between the orientations of the two zone-axes
can be checked for consistency with the structures
of the minerais. Caution should be exercised in ratio-
nalizing the inter-zone-axis angle, since if the fibre
contains c-axis twinning, the two zone-axis ED pat-
terns may originate from the separate twin crystals.
In practice, the full identification procedure will
normally be applied to very few fibres, unless precise
identification of all fibres is required for a particular
reason.

D.4 Fibre classification categories

It is not always possible to proceed to a definitive
identification of a fibre; this may be due to instru-
mental limitations or to the actual nature of the fibre.
In many analyses, a definitive identification of each
fibre may not actually be necessary if there is other
knowledge available about the sample, or if the con-
centration is below a level of interest. The analytical
procedure shall therefore take into account both in- .
strumental limitations and varied analytical require-
ments. Accordingly, a system for fibre classification is
used to permit accurate recording of data. The classi-.
fications are shown in tables D.1 and D.2, and are «
rected towards identification of chrysotile anu
amphibole respectively. Fibres shall be reported in
these categories.

The general principle to be followed in this analytical
procedure is first to define the most specific fibre
classification which is to be attempted, or the
“level” of analysis to be conducted. Then, for each
fibre examined, record the classification which is ac-
tually achieved. Depending on the intended use of the
results, criteria for acceptance of fibres as
“identified” can then be established at any time after
completion of the analysis.

In an unknown sample, chrysotile will be regarded as
confirmed only if a recorded, calibrated ED pattern
from one fibre in the CD categories is obtained, or if
measurements of the ED pattern are recorded at the
instrument. Amphibole will be regarded as confirmed
only by obtaining recorded data which indicates ex-
clusively the presence of amphiboles for fibres clas-
sified in the AZQ, AZZ or AZZQ categories.
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Table D.1 — Classification of fibres with tubular morphology
Category Description
™ Tubular Morphology, not sufficiently characteristic for classification as chrysotile
CM Characteristic Chrysotile Morphology
cD Chrysotile SAED pattern
ca Chrysotile compasition by Quantitative EDXA '
cMQ Chrysotile Morphology and composition by Quantitative EDXA
CcDQ Chrysotile SAED pattern and composition by Quantitative EDXA
NAM Non-Asbestos Mineral
Table D.2 — Classification of fibres without tubular morphology
Category Description
UF Unidentified Fibre
AD Amphibole by random orientation SAED (shows layer pattern of 0,53 nm spacing)
AX Amphibole by qualitative EDXA. Spectrum has elemental components consistent with amphibole
ADX Amphibole by random orientation SAED and qualitative EDXA
AQ Amphibole by Quantitative EDXA
AZ Amphibole by one Zone-axis SAED pattern
ADQ Amphibole by random orientation SAED and Quantitative EDXA
AZQ Amphibole by one Zone-axis SAED pattern and Quantitative EDXA
AZZ Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle
AZZQ Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle, and Quantitative EDXA
NAM Non-Asbestos Mineral

D.4.1 Procedure for classification of fibres
with tubular morphology suspected to be
chrysotile

Occasionally, fibres are encountered which have tu-
bular morphology similar to that of chrysotile, but
which cannot be characterized further either by ED
or EDXA. They may be non-crystalline, in which case
ED techniques are not useful, or they may be in a
position on the grid which does not permit an EDXA
spectrum to be obtained. Alternatively, the fibre may
be of organic origin, but the morphology and compo-
sition may not be sufficiently definitive enough to be
disregarded. Accordingly, there is a requirement to
record each fibre, and to specify how confidently each
fibre can be identified. Classification of fibres will

meet with various degrees of success. FigureD.2
shows the classification procedure to be used for fi-
bres which display any tubular morphology. The chart
is self explanatory, and every fibre is either rejected
as a non-asbestos mineral (NAM), or classified in
some way which by some later criterion could still
contribute to the chrysotile fibre count.

Morphology is the first consideration, and if this is not
similar to that usually seen in chrysotile standard
samples, designate the initial classification as TM.
Regardless of the doubtiul morphology, examine the
fibore by ED and EDXA methods according to
figure D.2. Where the morphology is more definitive,
it may be possible to classify the fibre as having
chrysotile morphology (CM).
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FIBRE WITH TUBULAR MORPHOLOGY

Is fibre morphology characteristic of that
displayed by reference chrysotile?

©1S0

NO YES
™ -CM
Examine by SAED Examine by SAED
Pattern not Chrysotile Chrysatile Pattern not
chrysotile pattern pattern chrysotile
NAM o cD l NAM

Pattern not present Fattern not present

or indistinct or indistinct

™ cM
Examine by quantitative EDXA Examine by quantitative EDXA
c°'“p°sm,"’" not that Chrysotile Chrysotile Composition not that
of chrysotile composition composition of chrysotile,
No spectrum No spectrum
1
NAM ™ ca cMma CM NAM
Examine by quantitative EDXA
Composition not that Chrysotile
of chrysotile composition
No spectrum
1

Figure D.2 — Classification chart for fibre with tubular morphology
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For classification as CM, the morphological character-
istics required are the following:

a) the individual fibrils should have high aspect ratios
exceeding 5/1, and be about 30 nm to 40 nm in
diameter;

b) the electron scattering power of the fibre at
60 kV to 100 kV accelerating potential should be
sufficiently low for the internal structure to be
visible;

c) there should be some evidence of an internal
structure suggesting a tubular appearance similar
to that shown by reference UICC chrysotile,
which may degrade in the electron beam.

Examine every fibre having these morphological char-
acteristics by the ED technique, and classify as
chrysatite by ED {CD) only those which give diffraction
patterns with the precise characteristics shown in
figure D.3. The relevant features in this pattern for
identification of chrysotile are as follows:

a) the (002) reflections should be examined to de-
termine that they correspond closely to a spacing
of 0,73 nm;

b} the layer line repeat distance should correspond
to 0,53 nm;

¢} there should be “streaking” of the {110) and (130)
reflections.

Figure D.3 — Chrysotile SAED pattern

ISO 10312:1995(E)

Using the millimetre calibrations on the TEM viewing
screen, these observations can readily be made at the
instrument. |f documentary proof of fibre identification
is required, record a TEM micrograph of at least one
representative fibre, and record its ED pattern on a
separate film or plate. This film or plate shall also carry
calibration rings from a known polycrystalline sub-
stance such as gold. This calibrated pattern is the only
documentary proof that the particular fibre is
chrysotile, and not some other tubular or scroiled
species such as halloysite, palygorskite, talc or
vermiculite. The proportion of fibres which can be
successfully identified as chrysotile by ED is variable,
and to some extent dependent on both the instru-
ment and the procedures of the operator. The fibres
that fail to yield an identifiable ED pattern will remain
in the TM or CM categories unless they are examined
by EDXA.

In the EDXA analysis of chrysotile there are only two
elements which are relevant. For fibre classification,
the EDXA analysis shall be quantitative. If the spec-
trum displays prominent peaks from magnesium and
silicon, with their areas in the appropriate ratio, and
with only minor peaks from other elements, classify
the fibre as chrysotile by quantitative EDXA, in the
categories CQ, CMQ, or CDQ, as appropriate.

D.4.2 Procedure for classification of fibres
without tubular morphology, suspected to be
amphibole

Every particle without tubular morphology and which
is not cbviously of biological origin, with an aspect
ratio of 5/1 or greater, and having parzllel or stepped
sides, shall be considered as a suspected amphibole
fibre. Further examination of the fibre by ED and
EDXA techniques will meet with a variable degree of
success, depending on the nature of the fibre and on
a number of instrumental limitations. It will not be
possible to identify every fibre completely, even if
time and cost are of no concern. Moreover, confir-
mation of the presence of amphibole can be achieved
only by quantitative interpretation of zone-axis ED
patterns, a very time-consuming procedure. Accord-
ingly, for routine samples from unknown sources, this
analytical procedure limits the requirement for zone-
axis ED work to a minimum of one fibre represen-
tative of each compositional class reported. In some
samples, it may be necessary to identify more fibres
by the zone-axis technique. When analysing samples
from well-characterized sources, the cost of identifi-
cation by zone-axis methods may not be justified.

The 0,53 nm layer spacing of the random orientation
ED pattern is not by itself diagnostic for amphibole,
However, the presence of ¢-axis twinning in many fi-

20



1SO 10312:1995(E)

bres leads to contributions to the layers in the pat-
terns by several individual parallel crystais of different
axial orientations. This apparently random positioning
of the spots along the layer lines, if also associated
with a high fibre aspect ratio, is a characteristic of
amphibole asbestos, and thus has some limited diag-
nostic value. If a pattern of this type is not obtained,
the identity of the fibre is still ambiguous, since the
absence of a recognizable pattern may be a conse-
quence of an unsuitable orientation relative to the
electron beam, or the fibre may be some other min-
eral species.

Figure D.4 shows the fibre classification chart to be
used for suspected amphibole fibres. This chart
shows all the classification paths possible in analysis
of a suspected amphibole fibre, when examined sys-
tematically by ED and EDXA. Two routes are possible,
depending on whether an attempt to obtain an EDXA
spectrum or a random orientation ED pattern is made
first. The normal procedure for analysis of a sample
of unknown origin will be to examine the fibre by
random crientation ED, qualitative EDXA, quantitative
EDXA, and zone-axis ED, in this sequence. The final
fibre classification assigned will be defined either by
successful analysis at the maximum required level,
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or by the instrumental limitations. Any mstrumentpg .

limitations which affect the quality of the results slm

be noted. Record the maximum classification =~

achieved for each fibre on the counting sheet in the
appropriate column. The various classification catego-
ries can then be combined later in any desired way for
calculation of the fibre concentration. The complete
record of the results obtained when attempting to
identify each fibre can also be used to re-assess the
data if necessary.

In the unknown sample, zone-axis analysis will be re-
quired if the presence of amphibole is to be
unequivocally confirmed. For this level of analysis, at-
tempt to raise the classification of every suspected
amphibole fibre to the ADQ category by inspection of
the random orientation ED pattern and.the EDXA
spectrum. In addition, examine at least one fibre from
each type of suspected amphibole found by zone-axis
methods to confirm their identification. In most cases,
because information exists about paossible sources of
asbestos in close proximity to the air sampling lo-
cation, some degree of ambiguity of identification can
be accepted. Lower levels of analysis can therefore
be accepted for these situations.
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FIBRE WITHOUT TUBULAR MORPHOLOGY
T s
Doss fibre EDXA spectrum show elements Exsmine by random
nsistent with hibole? orientation SAED
NC
YES Pattern not present § Layer pattern with
or indistinct 0,53 nm spacing
No spectrum
Pattern definitely
not amphibole type
,
a] [ [} ——
Does quantitative EDXA
give fibre composition
consistent with N
smphiboie? Does EDXA spectrum Does EDXA spectrum
show elements consistsnt show slements consistant
ves O with amphibola? with amphibole?
=l No YES YES NO
3] [:»«5 e Ll =
Is 1at zone-axis SAED No um No spectrum
pattern consistent with
amphibole? - AD
YES NO
la 1st 20ne-axis SAED
1] it i
No pattom ' Does quantitative EDXA  Does quanitative EDXA D hbotay ent with
Is 18t zone-axis SAED give fibre composition give fibre composition
pattern consistent with consistent with consistent with NO YES
1 AQ ] amphibola? amphibole? amphibole?
- I i Az
YES NO r
Ez S YES NO NO YES No pattern
Az [NAM]
Uniquely . AM ADQ m
amphibole No pattern E: »
solution N
NAM Is 15t zone-axis SAED
Ea m Cj pattern consistent with Are 2nd zone-axis SAED
Is 15t zone-axis SAED amphibole? . pattern and interaxial
pattern consistent with angle consistent with
Ars 2nd 20ne-axis SAED amphibole? NO YES amphibole?
pattern and interaxial m
angle.consis(enl with YES NO YES NO
amphibole? No pattern
YES NO l No pattern
Uniquely
No pattern No pattern amphibole
i solution
=] ] =]
AZZ Uniquely I AZQ Uniguely Eo Uniquely
amphibale amphibole amphibola
solution solution solution

Are 2nd zo0ne-axis SAED pattern and interaxial

angle with hibole?
S |
NO | YES
No pattern
|NAMI | AZO | AZIZQ
' Uniq::_tly' Uniq:::ly.
solution solution

Figure D.4 — Classification chart for fibre without tubular morphology
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Annex E
(normative)

Determination of the concentrations of asbestos fibres and bundles longer
than 5 um, and PCM equivalent ashestos fibres

In order to provide increased statistical precision and

improved analytical sensitivity for those asbestos fi-

bres and bundles longer than 5 um, it may be decided
to perform additional fibre counting at a fower magni-
fication, taking account only into fibres and bundles
within this dimensional range. The result shall be
specified as “number of asbestos fibres and bundles
longer than 5 um". For this examination, use a mag-
nification of approximately x 10 000, and continue to
assign a morphological code to each structure ac-
cording to the procedures specified in annex C. Re-
cord fibres and bundles only if their lengths exceed
5 um. Record cluster and matrix components only if
their lengths exceed 5 pm.

It may also be decided to provide increased statistical
precision and improved analytical sensitivity for
fibrous structures longer than 5 um, with diameters
between 0,2 pm and 3,0 pm, which have historically
been the basis of risk estimation in the occupational
environment (PCM equivalent asbestos fibres). Use a
magnification of approximately x 5 000 for this ex-
tended fibre count. The result shall be specified as
“number of PCM equivalent asbestos fibres”.
Asbestos structures within this dimensional range do
not necessarily incorporate asbestos fibres or bundles
longer than 5 uym.

42

Continue the extended sample examination until 100
asbestos structures have been counted, or until a
sufficient area of the specimen has been examined to
achieve the desired analytical sensitivity calculated
according to table 1, The grid openings examined shall
be divided approximately equally between a minimum
of two specimen grids. .

NOTES

17 The specimen area comresponding to the area of filter
examined in the PCM fibre counting. methods is
0,785 mm?, and is equivalent to approximately 100 grid
openings of a 200 mesh grid.

18 Some National Standards require that asbestos fibres
longer than 2,5 um, with diameters between 0,2 um and
3.0 um be counted. Use a magnification of. x 5§ 000 fc-
counting fibres within these dimensional ranges.

19 The minimum aspect ratio for definition of a fibre in
PCM fibre counting methods and in some National Stan-
dards is 3{1. Use of a 3/1 aspect ratio is permitted in this
International Standard, if this aspect ratio is mentioned in
the test report.

The test reports shall include all of the items listed in
clause 11.
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Annex F
(normative)
Calculation of results
F.1 General F.3 Calculation of the analytical

The results should be calculated using the procedures
specified below. The results can be conveniently cal-
culated using a computer programme.

F.2 Test for uniformity of distribution of
fibrous structures on TEM grids

A chek shall be made using the chi-square test, to
determine whether the asbestos structures found on
individual grid openings are randomly and uniformly
distributed among the grid openings. |f the total
number found in &k grid openings is n, and the areas
of the k individual frid openings are designated A, to
A, then the total area of TEM specimen examined is

i=k
A=ZAi
i=1

The fraction of the total area examined which is rep-
resented by the individual grid opening area, p, is
given by A/A. If the structures are randomly and uni-
formly dispersed over the k grid openings examined,
the expected number of structures falling in one grid
opening with area 4; is np;. If the observed number of
structures found on that grid opening is #;, then

i=k 2
2 _. (n; — npy)
= Z np;

i=1

This value shall be compared with significance points
of the chi-square distribution, having (k — 1) degrees
of freedom. Significance levels lower than 0,1 % may
be cause for the sample analysis to be rejected, since
this correspond to a very inhomogeneous deposit. f
the structure count fails this test, the precision of the
result will be uncertain, and if new air samples cannot
be collected, additional grid openings may be exam-
ined or the sample may be prepared by an indirect
method.

sensitivity

Calculate the required analytical sensitivity S, ex-
pressed in number of structures per litre, ‘using the
following equation:

"
where

A is the area, in square millimetres, of sam-
ple collection filter;

Aq is the area, in square millimetres, of TEM
specimen grid opening; '

k is the number of grid openings examined;

Vv is the volume of air sampled, in litres.

F.4 Caléulation of the mean and
confidence interval of the structure
concentration

In the structure count made according to this Inter-
national Standard, a number of grid openings have
been sampled from a population of grid openings, and
it is required to determine the mean grid opening
structure count for the population on the basis of this
small sample. The interval about the samplie mean
which, with 95 % confidence, contains the population
mean, is also required.

F.4.1 Calculation of the mean structure
concentration

Calculate the mean structure concentration C, ex-
pressed in number of structures per litre, using the
following equation:

C=38n
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where
S is the analytical sensitivity, expressed in
number of structures per litre;
n is the total number of structures found on

all grid openings examined.

F.42 Calculation of confidence intervals

The distribution of structures on the grid openings
should theoretically approximate to a Poisson distri-
bution. Because of fibre aggregation and size-
dependent identification effects, the actual structure
counting data often does not conform to the Poisson
distribution, particularly at high structure counts. An
assumption that the structure counting data are dis-
tributed according to the Poisson distribution can
therefore lead to confidence intervals narrower than
are justified by the data. Moreover, if the Poisson
distribution is assumed, the variance is related only to
the total number of structures counted. Thus, a par-
ticular structure count conducted on one grid opening
is considered to have the same confidence interval as
that for the same number of structures found on
many grid openings. However, the area of sampie
actually counted is very small in relation to the total
area of the filter, and for this reason, structures shail
be counted on a minimum of four grid openings taken
from different areas of the filter in order to ensure that
a representative evaluation of the deposit is made.

At hfgh structure counts, where there are adequate
numbers of structures per grid opening to allow a
sample estimate of the variance to be made, the
distribution can be approximated to a Gaussian, with
independent values for the mean and variance. Where
the sample estimate of variance exceeds that implicit
in the Poissonian assumption, use of Gaussian statis-
tics with the variance defined by the actual data is the
most conservative approach to calculation of confi-
dence intervals.

At low structure counts, it is not possible to obtain a
reliable sample estimate of the variance, and the
distribution also becomes asymmetric but not neces-
sarily Poissonian. For 30 structures and below, the
distribution becomes asymmetric enough for the fit
to a Gaussian to no longer be a reasonable one, and
estimates of sample variance are unreliable. Accord-
ingly, for counts below 31 structures, the assumption
of a Poisson distribution shall be made for calculation
of the confidence intervals.

¢ iSO

F.4.3 Example of calculation of Poissonian _.
95 % confidence intervals i.“

For total structure counts less than 4, the lower
95 % confidence limit corresponds to.less than 1
structure. Therefore, it is not meaningful to quote
lower confidence interval points for structure counts
of less than 4, and the result shall be recorded as
“less than" the corresponding one-sided upper 95 %
confidence limit of the Poisson distribution, as fol-

lows:

0 structure = 2,99 times the analytical sensitivity
1 structure = 4,74 times the analytical sensitivity
2 structures = 6,30 times the analytical sensitivity

3 structures = 7,75 times the analytical sensitivity

For total counts exceeding 4, the 95 % confidence
interval shall be calculated using the values shown in
table F.1. TabléF.1 gives the upper and lower limits
of the two-sided Poissonian 95 % confidence interval
for structure counts up to 470.

F.4.4 Example of calculation of Gaussian
95 % confidence intervals

Calculate the sample estimate of variance s using the
following equation: -

Z(»z, ~ np)?
s — d=1
(k-1)
where

n; is the number of structures on the ith grid
opening;

n is the total number of structures found in
k grid openings;

)2 is the fraction of the total area examined
represented by the ith grid opening;

k is the number of grid openings examined.

If the mean value of the structure count is calculated
to be a, the upper and lower values of the Gaussian
95 % confidence interval are given respectively by

_ ts

Lu—%+\/k—

and
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L,- =£_ s
k \/;
where

L, is the upper 95 % confidence limit;
L is the lower 95 % confidence limit;

n is the total number of structures in all grid
openings examined;

t is the value of Student's test {probability
0,975) for (k — 1) degrees of freedom;

s is the standard deviation (square root of
sample estimate of variance);

k is the number of grid openings examined.

F.45 Summary of procedure for calculation
of results

In summary, structure counting data shall be calcu-
lated as follows:

No structures detected

The structure concentration shall be reported as
less than the concentration equivalent ot the one-
sided upper 95 % confidence limit of the Poisson
distribution. This is equal to 2,99 times the analyt-
ical sensitivity.

From 1 to 3 structures

When 1 to 3 structures are counted, the result
shall be reported as less than the corresponding
one-sided upper 95 % confidence limit for the
Poisson distribution. These are

1 structure = 4,74 times the analytical sensi-
tivity
2 structures = 6,30 times the analytical sensi-
tivity
3 structures = 7,75 times the analytical sensi-
tivity

From 4 to 30 structures

The mean structure concentration and the 95 %
confidence intervals shall be reported on the basis
of the Poissonian assumption, using the values
shown in table F.1.
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More than 30 structures

When more 30 structures are counted, both the
Gaussian 95 % confidence interval and the
Poissonian 85 % confidence interval shall be cal-
culated. The larger of these two intervals shall be
used to express the precision of the structure
concentration. When the Gaussian 95 % confi-
dence interval is selected for data reporting, the
Poissonian 85 % confidence interval shall also be
mentioned.

F.5 Calculation of structure length,
width, and aspect ratio distributions

The distributions all approximate to logarithmic-
normal, and therefore the size range intervals for cal-
culation of the distribution shall be spaced
logarithmically. The other characteristics required for
the choice of size intervals are that they should allow
for a sufficient number of size classes, while still re-
taining a statistically valid number of structures in
each class. Interpretation is also facilitated if each size
class repeats at 10 intervals, and if 5 um is a size class
boundary. A ratio from one class to the next of 1,468
satisfies all of these requirements and this value shall
be used. The distributions, being approximately
logarithmic-normal, when presented graphically, shall
be plotted using a logarithmic ordinate scale and a
Gaussian abscissa.

F.5.1 Calculation of structure length
cumulative number distribution

This distribution allows the fraction of the total num-
ber of structures either shorter or longer than a given
length to be determined. It is calculated using the
following equation:

i=k
2.

C(P)e=+=3—x 100

=7

Zm

i=1

where

C(P), is the cumulative number percentage of
structures which have lengths less than
the upper bound of the kth class;

” is the number of structures in the ith
length class;
P is the total number of length classes.
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F.5.2 Calculation of structure width
cumulative number distribution

This distribution aflows the fraction of the total num-
ber of structures either narrower or wider than a given
width to be determined. It is calculated in a similar
way to that used in F.5.1, but using the structure

¢ [SO

F.5.3 Calculation of structure aspect ratio

cumulative number distribution :
This distribution allows the fraction of the total num-
ber of structures which have aspect ratios either
smaller or larger than a given aspect ratio to be de-
termined. It is calculated in a similar way to that used

widths.

in F.5.1, but using the structure aspect ratios.

Table F.1 — Upper and lower limits of the Poissonian 95 % confidence interval of a count

St::rn‘:'e Lower limit | Upper limit smre Lower limit | Upper limit s:::::re Lower limit | Upper limit
0 0 3,6891 46 33,678 61,358 92 74,164 112,83
1 0,025 5,572 47 34,634 62,501 93 75.061 113,94
2 0,242 7.225 48 35,392 63,642 94 75,959 115,04
3 0.619 8,767 49 36,261 64,781 95 76,858 116,14
4 1,090 10,242 50 37.112 65,919 96 77,757 117,24
5 1,624 11,668 51 37,973 67,056 97 78,657 118,34
6 2,202 13.060 52 38,837 68,192 98 79,857 - 119,44
7 2,814 14,423 53 39,701 69,326 98 80,458 120,53
8 3,454 15,764 54 40,567 70,459 100 81,360 121,66
9 4,118 17,085 55 41,433 71,591 110 90,400 132,61
10 4,795 18,391 56 42,301 72,721 120 99,430 143,52
1 5,491 19,683 57 43,171 73,851 130 108,61 154,39
12 6,201 20,962 58 44,041 74,979 140 117,77 165,23
13 6,922 22,231 59 44,912 76,106 150 126,96 176,04
14 7,654 23,450 60 45,785 77.232 1860 136,17 186,83
15 8,396 24,741 61 46,658 78,357 170 145,41 . 197,59
16 9,146 25,983 62 47,533 79,482 180 154,66 208,33
17 9,804 27,219 83 48,409 80,605 180 163,94 218,05
18 10,668 28,448 64 49,286 81,727 200 173,24 229,75
19 11,440 29,671 65 50,164 82,848 210 182,56 240,43
20 12,217 30,889 66 51,042 83,969 220 191,89 251,10
21 13,00 32,101 67 51,922 85,088 230 201,24 261,78
22 13,788 33,309 68 52,803 86,207 240 210,60 272,39
23 14,581 34,512 89 53,685 87.324 250 219,97 283,01
24 15,378 35711 70 54,567 88,441 260 228,36 293,62
25 16,178 36,805 71 55,451 89,557 270 238,75 304,23
26 16,983 38,097 72 56,335 90,673 280 248,16 314,82
27 17,793 39,284 73 57,220 91,787 290 257,58 325,39
28 18,606 40,468 74 58,106 92,901 300 267,01 335,96
29 19,422 41,649 75 58,993 94,014 310 276,45 346,52
30 20,241 42,827 76 59,880 95,126 320 285,90 357.08
31 21,063 44,002 77 60,768 96,237 330 295,36 367.62
32 21,888 45,175 78 61,657 97.348 340 304,82 378,15
33 22,718 46,345 73 62,547 98,458 350 314,29 388,68
34 23,545 47,512 80 63,437 99,567 360 323,77 393,20
35 24,378 48,677 81 64,328 100,68 370 333,26 408,71
36 25,213 49,840 82 65,219 101.79 380 342,75 420,22
37 26,050 51,000 83 66,111 102,90 390 352,25 430,72
38 26,890 52,158 84 67,003 104,00 400 361,76 441,21
39 27,732 53,316 85 67,897 106,11 410 371.27 451,69

40 28,575 54,469 86 68,790 106,21 420 380,79 462,18

41 29.421 55,622 87 69,684 107,32 430 390,32 472,65

42 30,269 56,772 88 70,579 108,42 440 389,85 483,12

43 31,119 57,821 89 71,474 109,53 450 409,38 493,58

44 31,870 59,068 90 72,370 110,63 460 418,92 504,04

45 32,823 60,214 g1 73,267 111,73 470 428,47 514,50
1} The one-sided upper 95 % confidence limit for 0 structures is 2,99.
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Annex G
(informative)

Strategies for collection of air samples

G.1 General

An important part of the sampling strategy is a state-
ment of the purpose of the sampling programme. A
sufficient number of samples should be coliected so
that the site is well characterized to the precision and
accuracy desired, and also ensure that sample filters
appropriately loaded for TEM analysis are obtained
from all of the sampling locations.

G.2 Air sample collection in the
outdoors environment

Weather conditions restrict the ability to collect satis-
factory air samples in the outdoors environment, and
whenever possible, sampling should be carried out in
low-wind, low-humidity conditions. Detailed records
of the weather conditions, windspeed and direction
during the sampling period should be made. All avail-
able information concerning local topography, and the
types and positions of sources should be recorded.

Sequential multipoint sampling is necessary to pro-
vide adequate characterization of complex sites and
sources. It is recommended that muitiple samples are
taken upwind and downwind of the site, with a mini-

mum of two samples in the downwind position ex-
pected to experience the maximum airborne
concentration. The locations of the samplers should
be carefully recorded. ‘

G.3 Air sample collection inside
buildings

Air samples are often collected inside buildings in
which asbestos-containing construction materials are
present, in order to determine whether these materi-
als contribute to the asbestos fibre concentration in
the building atmosphere. The optimum positions for
collection of air samples can only be determined after
a complete survey of the building to establish air
movement patterns. Muitiple samples should be col-
lected in the area where asbestos building materials
are present, and control samples should be collected
in an adjacent area where no airborne -asbestos fibres
would be expected. The intakes for air conditioning
systems are frequently used as the collection fo-
cations for control samples. Whenever passible, static
samples should be taken over a period exceeding
4 h during normal activity in the building, at face ve-
locities of between 4 cm/s and 25 cmy/s.
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Annex H
(informative)

Methods for removal of gypsum fibres

It is common to find fibres of calcium sulfate
{gypsum) in airborne particulates collected in buildings
and urban environments, and particularly in samples
collected where demoalition or construction work is in
progress. The fibres are readily released when plas-
ters and cement products are disturbed. In some cir-
cumstances, particles of calcite or dolomite collected
on an air filter can react with atmospheric sulfur diox-
ide, to form long fibres of gypsum. Gypsum fibres can
give rise to high fibre counts by both optical and
electron microscopy. The gypsum fibres are often
2 um to 6 um long, with aspect ratios greater than
10/1. Sometimes, these fibres appear similar to
amphibole asbestos fibres, and in some samples they
can be morphologically very similar to chrysotile. In
the TEM, the larger fibres have high contrast and at
high magnification often exhibit a characteristic
mottled appearance which changes under electron
beam irradiation. Some gypsum fibres, however, are
not easily discriminated from asbestos without ex-
amination by EDXA. TEM specimens which contain
many such gypsum fibres require an extended exam-
ination time in the TEM, because it is necessary to

examine each of these fibres by EDXA before it can
be rejected.

It is possible to remove gypsum fibres selectively by
water extraction. A Jaffe washer (7.3.7), or a
condensation washer (7.3.8), should be prepared, but
using a water (6.1) as the solvent. The TEM speci-
mens, which have been previously prepared and ini-
tially examined in the TEM, should be placed in the
washer to allow dissolution of the fibres. If a Jaffe
washer is used, the treatment time can be reduced
by heating the washer to 90 °C to 100 °C for a few .
minutes. if a condensation washer is used, the
gypsum fibres will be dissoived by treatment for ap-
proximately 10 min. The effect of this treatment is to
remove the gypsum fibres, leaving carbon replicas
(7.3.11) which are readily distinguished from ashestos

fibres. , o

NOTE 20 This procedure should be used only when ex-
amination of the untreated TEM specimen grids shows the
gypsum fibres to be isolated from any asbestos fibres
present. Losses of asbestos fibres may occur if matrices
of gypsum and asbestos are exposed to this procedure.
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various

MW: various

ASBESTOS (bulk) by PLM

CAS: 1332-21-4

9002

RTECS: C16475000

METHOD: 9002, issue 2

EVALUATION: PARTIAL

Issue 1: 15 May 1989

Issue 2: 15 August 1994

EPA Standard (Bulk): 1%

PROPERTIES: solid, fibrous, crystalline, anisctropic

SYNONYMS [CAS #]: actinolite [77536-66-4], or ferroactinolite [15669-07-5]; amosite [12172-73-5}; anthophyllite {[77536-67-5];
chrysotile (12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [77536-68-6]; amphibole.

SAMPLING MEASUREMENT
BULK SAMPLE: 110 10 grams TECHNIQUE: MICROSCOPY, STEREO AND
POLARIZED LIGHT, WITH
DISPERSION STAINING
SHIPMENT: seal securely to prevent escape of
asbestos ANALYTE: actinolite asbestos, amosite,
anthophyllite asbestos, chrysotile,
SAMPLE . crocidolite, tremolite asbestos
STABILITY: stable
EQUIPMENT: microscope, polarized light; 100-400X
BLANKS: none required dispersion staining objective, stereo
microscope: 10-45X
RANGE: 1% to 100% asbestos
ACCURACY ESTIMATED LOD: <1% asbestos [1]
RANGE STUDIED:  <1% o 100% asbestos PRECISION: rot determined
BIAS: not determined
PRECISION: not determined
ACCURACY: not determined

APPLICABILITY: this method is useful for the qualitative identification of asbestos and the semi~quantitative determination of
asbestos content of bulk samples. The method measures percent asbestos as perceived by the analyst in comparison to standard
area projections, photos, and drawings, or trained experience. The method is not applicable to samples containing large amounts of
fine fibers below the resolution of the light microscope

INTERFERENCES: Other fibers with optical properties similar to the asbestos minerals may give positive interferences. Optical
properties of asbestos may be obscured by coating on the fibers. Fibers finer than the resolving power of the microscope (ca. 0.3 pm)
will not be detected. Heat and acid treatment may alter the index of refraction of asbestos and change its color.

OTHER METHODS: This method (originally designated as method 7403) is designed for use with NIOSH Methods 7400 (phase
contrast microscopy) and 7402 {electron microscopy/EDS). The method is similar to the EPA bulk asbestos method [1].
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ASBESTOS (bulk): METHOD 9002, Issue 2, dated 15 August 1994 - Page 2 of 9

REAGENTS: EQUIPMENT:
1. Refractive index (RI) liquids for Dispersion 1. Sample containers: screw-top plastic vials of
Staining: high-dispersion (HD) series, 1.550, 10- to 50-mL capacity.
1.605, 1.620. 2. Microscope, polarized light, with polarizer,
2. Refractive index liquids: 1.670, 1.680, and analyzer, port for retardation plate, 360°
1.700. graduated rotating stage, substage condenser
3. Asbestos reference samples such as SRM with iris, lamp, lamp iris, and:
#1866, available from the National Institute of a. Objective lenses: 10X, 20X, and 40X or
Standards and Technology.* near equivalent.
4. Distilled Water (optional). _ b. Ocular lense: 10X minimum.
5. Concentrated HCl: ACS reagent grade. c. Eyepiece reticle: crosshair.
d. Dispersion staining objective lens or
equivalent.
e. Compensator plate: ca. 550 nm# 20 nm,
retardation: "first order red"
: compensator.
* See SPECIAL PRECAUTIONS 3. Microscope slides: 75 mm x 25 mm.
4. Cover slips.
5. Ventilated hood or negative-pressure glove
box.
6. Mortar and pestle: agate or porcelain.
7. Stereomicroscope, ca. 10 to 45X,
8. Light source: incandescent or flucrescent.
9. Tweezers, dissecting needles, spatulas,
probes, and scalpels.
10. Glassine paper or clean glass plate.
11. Low-speed hand drill with coarse burr bit

(optional).

SPECIAL PRECAUTIONS: Asbestos, a human carcinogen, should be handled only in an exhaust hood
(equipped with a HEPA filter) [2]. Precautions should be taken when collecting unknown samples, which
may be asbestos, to preclude exposure to the person collecting the sample and minimize the disruption
to the parent material [3]. Disposal of asbestos-containing materials should follow EPA Guidelines [4].

SAMPLING:

1.

Place 1 to 10 g of the material to be analyzed in a sample container.

NOTE: For large samples (i.e., whole ceiling tiles) that are fairly homogenous, a representative
small portion should be submitted for analysis. Sample size should be adjusted tc ensure
that it is representative of the parent material.

Make sure that sample containers are taped so they will not open in transit.

Ship the samples in a rigid container with sufficient packing material to prevent damage or sample

loss.

SAMPLE PREPARATION:

4.

Visually examine samples in the container and with a low-magnification stereomicroscope in a
hood. (If necessary, a sample may be carefully removed from the container and placed on glassine
transfer paper or clean glass plate for examination). Break off a portion of the sample and examine
the edges for emergent fibers. Note the homogeneity of the sample. Some hard tiles can be
broken, and the edges examined for emergent fibers. If fibers are found, make an estimate of the
amount and type of fibers present, confirm fiber type (step 14) and quantify (step 15).

In a hood, open sample container and with tweezers remove small, representative portions of

the sample.

1. If there are obvious separable layers, sample and analyze each layer separately.
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Anthophylllte will exhibit central stop colors of blue and gold/gold-magenta; tremolite will exhibit
pale blue and yellow; and actinolite will exhibit magenta and golden-yellow colors.

NOTE: In this refractive index range, wollastonite is a common interfering mineral with similar
morphology including the presence of cleavage fragments. It has both positive and
negative sign of elongation, parallel extinction, and central stop dispersion staining
colors of pale yellow and pale yellow to magenta. {f further confirmation of
wollastonite versus anthophvliite is needed, go to step "j". If any of the above forms of
asbestos were confirmed above, go to step 15 for quantitative estimation. If none of
the tests above confirmed asbestos fibers, examine the additional preparations and if
the same result occurs, report the absence of asbestos in this sample.

j.  Wash a small portion of the sample in a drop of concentrated hydrochloric acid on a slide.
Place the slide, with cover slip in place, on a warm hot plate until dry. By capillary action, place
1.620 R liquid under the cover clip and examine the slide. Wollastonite fibers will have a
"cross-hatched" appearance across the length of the fibers and will not show central stop
dispersion colors. Anthophyllite and tremolite will still show their original dispersion colors.
NOTE: There are alternative analysis procedures to the step-wise approach outlined above

which will yield equivalent results. Some of these alternatives are: -

i. Perform the initial scan for the presence of asbestos using crossed polars as well
as the first-order red compensator. This allows for simuitaneous viewing of
birefringent and amorphous materials as well as determine their sign of elongation.
Some fibers which are covered with mortar may best be observed using this
configuration.

ii. Some analysts prefer to mount their first preparation in a RI liquid different than
any asbestos materials and conduct their initial examination under plane-polarized
light.

ji. If alternative Rl liquids are used from those specified, dispersion staining colors

~ observed will also change. Refer to an appropriate reference for the specific
colors associated with asbestos in the Rl liquids actually used.

QUANTITATIVE ASSESSMENT:

15. Estimate the content of the asbestos type present in the sample using the 1.550 RI preparation.
Express the estimate as an area percent of all material present, taking into account the loading and
distribution of all sample material on the slide. Use Figure 1 as an aid in arriving at your estimate.

If additional unidentified fibers are present in the sample, continue with the qualitative measurement

(step 14).

NOTE: Point-counting techniques to determine percentages of the asbestos minerals are not
generally recommended. The point-counting method only produces accurate quantitative
data when the material on the slide is homogeneous and has a uniform thickness, which is
difficult to obtain [6]. The point-counting technique is, recommended by the EPAto
determine the amount of asbestos in bulk [1]; however, in the more recent Asbestos Hazard
Emergency Response Act (AHERA) regulations, asbestos quantification may be performed
by a point-counting or equivalent estimation
method [7].

16. Make a quantitative estimate of the asbestos content of the sample from the appropriate
combination of the estimates from both the gross and microscopic examinations. If asbestos fibers
are identified, report the material as "asbestos-containing”. Asbestos content should be reported as
arange of percent content. The range reported should be indicative of the analyst's precision in
estimating asbestos content. For greater quantities use Figure 1 in arriving at your estimate.

EVALUATION OF METHOD:

The methed is compiled from standard techniques used in mineralogy [8-13], and from standard
laboratory procedures for bulk asbestos analysis which have been utilized for several years. These

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94
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representatlve portions of each type of material and place on a glass slide.

c. On hard tiles that may have thin, inseparable layers, use a scalpel to cut through all the layers
for a representative sample. Then cut it into smaller pieces after placing Rl liquid on it before
trying to reduce the thickness. Alternatively, use a low-speed hand drill equipped with a burr bit
to remove material from hard tiles. Avoid excessive heating of the sample which may alter the
optical properties of the material.

NOTE: This type of sample often requires ashing or other specialized preparation, and may
require transmission electron microscopy for detection of the short asbestos fibers
which are characteristic of floor files.

d. If the sample has large, hard particles, grind it in a mortar. Do not grind so fine that fiber
characteristics are destroyed.

e. If necessary, treat a portion of the sample in a hood with an appropriate solvent to remove
binders, tars, and other interfering materials which may be present in the sample. Make
corrections for the non-asbestos material removed by this process.

NOTE: Other methods of sample preparation such as acid washing and sodium
metaphosphate treatment and ashing may be necessary, especially to detect low
concentrations of asbestos. If needed, use as described in Reference [1].

After placing a few drops of RI liquid on the slide, put a small portion of sample in the liquid.

Tease apart with a needle or smash small clumps with the flat end of a spatula or probe, producing

a uniform thickness or particles so that better estimates of projected area percentages can be

made. Mix the fibers and particles on the slide so that they are as homogeneous as possible.

NOTE: An even dispersion of sample should cover the entire area under the cover slip. some

practice will be necessary to judge the right amount of material to place on the slide. Too
little sample may not give sufficient information and too much sample cannot be easily

analyzed.

CALIBRATION AND QUALITY CONTROL:

7.

8.

9.

10.

11.

12.
13.

Check for contamination each day of operation. Wipe microscope slides and cover slips with lens
paper before using. Check refractive index liquids. Record results in a separate logbook.

Verify the refractive indices of the refractive index liquids used once per week of operation. Record
these checks in a separate logbook.

Follow the manufacturer's instructions for illumination, condenser alignment and other microscope
adjustments. Perform these adjustments prior to each sample set.

Determine percent of each identified asbestos species by comparison to standard projections
(Figure 1) [11. If no fibers are detected in a homogeneous sample, examine at least two addmonal
preparations before concluding that no asbestos is present.

If it appears that the preparation technique might not be able to preduce a homogeneous or
representative sample on the slide, prepare a duplicate slide and average the results. Occasionally,
when the duplicate results vary greatly, it will be necessary to prepare additional replicate slides and
average all the replicate results. Prepare duplicate slides of at least 10% of the samples analyzed.
Average the results for reporting.

Analyze about 5% blind samples of known asbestos content.

Laboratories performing this analytical method should participate in the Natlonal Voluntary
Laboratory Accreditation Program [5] or a similar interlaboratory quality control program. Each
analyst should have complete formal training in polarized light microscopy and its application to
crystalline materials. In lieu of formal training, laboratory training in asbestos bulk analysis under
the direction of a trained asbestos bulk analyst may be substituted. Owing to the subjective nature
of the method, frequent practice is essential in order to remain proficient in estimating projected
area percentages.

QUALITATIVE ASSESSMENT:

14. Scan the slide to identify any asbestos minerals using the optical properties of morphology,
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NOTE: Identification of asbestos using polarized light microscopy is unlike most other analytical
methods. The quality of the results is dependent on the skill and judgment of the analyst.
This method does not lend itself easily to a step-wise approach. Various procedures
devised by different analysts may yield equivalent results. The following step-wise
procedure repeatedly utilizes the sample preparation procedure previously outiined.

a. Prepare a slide using 1.550 HD Rl liquid. Adjust the polarizing filter such that the polars are
partially crossed, with ca. 15° offset. Scan the preparation, examining the morphology for the
presence of fibers. If no fibers are found, scan the additional preparations. If no fibers are
found in any of the preparations, report that the sample does not contain asbestos, and stop the
analysis at this point. :

b. If fibers are found, adjust the polarizing filter such that the polars are fully crossed. If all of the
fibers are isotropic (disappear at all angles of rotation) then those fibers are not asbestos.
Fibrous glass and mineral wool, which are common components of suspect samples, are
isotropic. [f only isotropic fibers are found in the additional preparations, report no asbestos
fibers detected, and stop the analysis.

c. If anisotropic fibers are found, rotate the stage to determine the angle of extinction. Except for
tremalite-actinolite asbestos which has oblique extinction at 10-20°, the other forms of asbestos
exhibit parallel extinction (Table 1). Tremolite may show both parallel and oblique extinction.

d. Insert the first order red compensator plate in the microscope and determine the sign of
elongation. All forms of asbestos have a positive sign of elongation except for crocidolite. If
the sign of elongation observed is negative, go to step "g."

NOTE: To determine the direction of the sign of elongation on a particular microscope
configuration, examine a known chrysotile sample and note the direction (NE-SW or
NW-SE) of the blue coloration. Chrysotile has a positive sign of elongation.

e. Remove the first-order red compensator and uncross the polarizer. Examine under plane
polarized light for biue and gold-brown Becke colors at the fiber-oil interface (i.e., index of
refraction match). Becke colors are not always evident. Examine fiber morphology for twisted,
wavy bundies of fibers which are characteristic of chrysotile. Twisted, ribbon-like morphology
with cellular internal features may indicate cellulose fibers. it may be necessary to cross the
polars partially in order to see the fibers if the index of refraction is an exact match at 1.550. If
the fibers appear to have higher index of refraction, go to step "h," otherwise continue.

f. Identification of chrysctile. Insert the dispersion staining objective. Observation of dispersion
staining colors of biue and blue-magenta confirms chrysotile. Cellulose, which is a common
interfering fiber at the 1.550 index of refraction, will not exhibit these dispersion staining colors.
If chrysotile is found, go to step 15 for quantitative estimation.

g. ldentification of crocidolite. Prepare a slide in 1.700 Rl liquid. Examine under plane-polarized
light (uncrossed polars); check for morphology of crocidolite. Fibers will be straight, with rigid
appearance, and may appear blue or purple-blue. Crocidolite is pleochroic, i.e., it will appear to
change its color (blue or gray) as it is rotated through plane polarized light. Insert the dispersion
staining objective. The central stop dispersion staining color are red magenta and blue
magenta, however, these colors are sometimes difficult to impossible to see because of the
opacity of the dark blue fibers. If observations above indicate crocidolite, go to step 15 for
quantitative estimation.

h. Identification of amosite. Prepare a slide in 1.680 R! liquid. Observed the fiber morphology for
amosite characteristics: straight fibers and fiber bundles with broom-like or splayed ends. If the
morphology matches amosite, examine the fibers using the dispersion staining objective. Blue
and pale blue colors indicate the cummingtonite form of amosite, and gold and blue colors
indicate the grunerite form of amosite. If amosite is confirmed by this test, go to step 15 for
quantitative estimation, otherwise continue.

i. Identification of anthophyllite-tremolite-actinolite. Prepare a slide in 1.605 HD Rl liquid.
Examine morphology for comparison to anthophyllite-tremolite-actinolite asbestos. The
refractive indices for these forms of asbestos vary naturally within the species. Anthophyllite
can be distinguished from actinolite and tremolite by its nearly parallel extinction. Actinolite has
a light to dark green color under plane-polarized light and exhibits some pleochroism. For all
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Anthophyllite will exhibit central stop colors of blue and gold/gold-magenta; tremolite will exhibit
pale blue and yellow; and actinolite will exhibit magenta and golden-yellow colors.

NOTE: In this refractive index range, wollastonite is a common interfering mineral with similar
morphology including the presence of cleavage fragments. It has both positive and
negative sign of elongation, parallel extinction, and central stop dispersion staining
colors of pale yellow and pale yellow to magenta. If further confirmation of
wollastonite versus anthophytlite is needed, go to step "j". If any of the above forms of
asbestos were confirmed above, go to step 15 for quantitative estimation. If none of
the tests above confirmed asbestos fibers, examine the additional preparations and if
the same result occurs, report the absence of asbestos in this sample.

Wash a small portion of the sample in a drop of concentrated hydrochioric acid on a slide.

Place the slide, with cover slip in place, on a warm hot plate until dry. By capillary action, place

1.620 RI liquid under the cover clip and examine the slide. Wollastonite fibers will have a

"cross-hatched" appearance across the length of the fibers and will not show central stop

dispersion colors. Anthophyllite and tremolite will still show their original dispersion colors.

NOTE: There are alternative analysis procedures to the step-wise approach outlined above
which will yield equivalent results. Some of these alternatives are:

iii.

Perform the initial scan for the presence of asbestos using crossed polars as well
as the first-order red compensator. This allows for simultaneous viewing of
birefringent and amorphous materials as well as determine their sign of elongation.
Some fibers which are covered with mortar may best be observed using this
configuration.

Some analysts prefer to mount their first preparation in a Rl liquid different than
any asbestos materials and conduct their initial examination under plane-polarized
light.

If alternative Rl liquids are used from those specified, dispersion staining colors
observed will also change. Refer to an appropriate reference for the specific
colors associated with asbestos in the Rl liquids actually used.

QUANTITATIVE ASSESSMENT:

15. Estimate the content of the asbestos type present in the sample using the 1.550 RI preparation.

16.

Express the estimate as an area percent of all material present, taking into account the loading and
distribution of all sample material on the slide. Use Figure 1 as an aid in arriving at your estimate.

If additional unidentified fibers are present in the sample, continue with the qualitative measurement
(step 14).
NOTE: Point-counting techniques to determine percentages of the ashestos minerals are not

generally recommended. The point-counting method only produces accurate quantitative
data when the material on the slide is homogeneous and has a uniform thickness, which is
difficult to obtain [6]. The point-counting technique is, recommended by the EPA to
determine the amount of asbestos in bulk [1]; however, in the more recent Asbestos Hazard
Emergency Response Act (AHERA) regulations, asbestos quantification may be performed
by a point-counting or equivalent estimation

method [7].

Make a quantitative estimate of the asbestos content of the sample from the appropriate
combination of the estimates from both the gross and microscopic examinations. If asbestos fibers
are identified, report the material as "asbestos-containing". Asbestos content should be reported as
a range of percent content. The range reported should be indicative of the analyst's precision in
estimating asbestos content. For greater quantities use Figure 1 in arriving at your estimate.

EVALUATION OF METHOD:

The method is compiled from standard techniques used in mineralogy [8-13], and from standard
laboratory procedures for bulk asbestos analysis which have been utilized for several years. These
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Assurance Hrogram sampies since 1904 {1,9). rowever, No ionnal evaiualion of (s meinoda, as written,
has been performed.
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Table 1. Optical Properties of Asbestos Fibers

Refractive Index
(Approximate Values)

Mineral

Morphology and Color

dte
Elongation

[
Elongation

Birefringence

Chrysdtile

Wawy fibers with kinks.
Splayed ends on larger
bundles. Colorless to light
brown upon being heated.
Nonpleochroic, Aspect

1.54

1.55

0.002- 0.014

Cummingtonite-
Grunerite
{Amosite)

ratio typically >10:1.

Straight fibers and fiber
bundles. Bundle ends
appear broom-like or
splayed. Colorless to
brown upon heating. May
be wealdy pleochroic.
Aspect ratio typically >10:1.

1.67

1.70

0.02-0.03

Crocidolite
(Riebeckite)

Straight fibers and fiber
bundies. Longer fibers
show curvature. Splayed
ends on bundles.
Characteristic blue color.
Pleochroic. Aspect ratio
typically >10:1.

1.71

1.70

0.014-0.016
Interference colors
may be masked by
blue color.

Anthophyllite

Straight fibers and fiber
bundles. Cleavage
fragments may be present.
Colorless to light brown.
Nonpleochroic to weakly
pleochroic. Aspect ratio
generalty <10:1.

1.61

1.63

0.019-0.024

Tremolite-
Actinolite

Straight and curved fibers.
Cleavage fragments
common. Large fiber
bundles show splayed
ends. Tremoliteis
colorless. Actinolite is
green and weakly to
moderately pleochroic.
Aspect ratio generally
<10:1.

1.60-

1.62

{tremolite)

162-

167

(actinolite)

1.62-1.64
(tremoiite)

164-168
(actinolite)

0.02-0.03
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Table:

1. Optical Properties of Asbestos Fibers (Continued)

Central Stop Dispersion Staining Colors

Sign of 1 to jto
Mineral Extinction Elongation Rl Liquid Vibration Vibration
Chrysotile Paralle! to fiber + (length slow) 1.550 Blue Blue-magenta
length
Cummingtonite- Parallel to fiber + (length slow) 1.670 'Red magenta to Yellow
Grunerite length blue
(Amosite) Fibers subjected
to high
temperatures will
not dispersion-
stain.
Cummingtonite 1.680 pale blue blue
Grunerite 1.680 blue gold
"Crocidolite Parallel to fiber - (length fast) 1.700 Red magenta Blue-magenta
(Riebeckite) length .
1.680 yellow pale yellow
Anthophyliite Paralle! to fiber + (length slow) 1.605° Blue Gold to gold-
length magenta
1.620'° Blue-green - Golden-yellow
Tremolite- Oblique - 10 to + (length slow) 1.605 *® Pale blue Yellow
Actinolite 20° for fragments. {tremolite) (tremolite)
Some composite
fibers show |
extinction. Yellow Pale yellow
(actinolite) (actinolite)

HD = high-dispersion Rl liquid series.
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